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PREFACE 


More than a dozen years’ experience in teaching General 
Science has convinced us that any course for the study of this 
subject must have two main objectives. It must provide the 
opportunity for the pupils to acquire a body of scientific 
knowledge so that they can study and analyse their environ- 
ment, and it must, by continued example, develop in them a 
thorough appreciation of the importance and nature of the 
Scientific Method so that they are capable of applying it to 
new investigations in later life. The cause and prevention of 
disease, the study of nutrition, the significance of soil studies, 
the study of inheritance and evolution all demonstrate the 
need for treating General Science as a whole subject if our 
pupils are to appreciate to the full the interrelations between 
the parts of their environment and themselves. We believe 
that this side of science has particular value in helping to 
build a better society. 

The criticism is often levelled at General Science that it is 
supcrficied and does not make scientists. It is this criticism 
which we have attempted to meet by providing a course which 
gives full accounts of investigations and discusses the reasons 
for carrying them out and the nature and limitations of the 
inferences that can be drawn from them. 

The book is designed to cover a four or five years’ course up 
to the standard of School Certificate. We have included many 
experiments, and have introduced them, not as arid academic 
examples of particular phenomena, but as essential steps in 
the development of our investigations so that, as far as possible, 
the pupils are guided in finding out for themsclvesi Instruc- 
tions for the proper performance of every experiment are given. 
We believe that by doing so we serve two purposes : we provide 
laboratory directions for the pupils and also assist those 
teachers who, because of their lack of training in one branch 
of science, are not familiar with the conduct of experiments 
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m tliat branch. We make no apology for havintr innl .4 j 

more experiments than can usually be carrierf 

allotted to science in the school rS^sTncrbyS^ 

fc- variation in Ae cou^ Tf 
though the book meets the demands of a School CertifiMc' 
couKe we have not hesitated to go outside the Jvll.h ® 
an interesting link could be madf ^ 

»cw problOT. m a jaopcrldentfflc mLa^roTtw””? ‘ 
do not become scientists the course provides a smvS 0^?° ^ 
environment which will open their eves ' 
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PART I 

I. INTRODUCTION , 

Most of us are led by a natural curiosity to try to disrover how 
things work and of what they are made. Unless this investiga- 
tion is made systematically we shall not get very far; but if we 
observe accurately, experiment carefully, and reason correctly, 
we may hope to understand better the world in which we live. 

As we look around we notice that all matter is either living 
or non-living. A dog is alive, and so is a tree; but a stone is not 
alive, and so far as we know has never been alive. The stone is 
not merely dead; it has never lived. It is different from a dead 
dog which has once lived. There are obvious differences 
between non-living matter and living things. 


Living and Non-living Things Compared 
Living things can make movements by themselves, non- 
living things cannot. The position of a stone cannot change 
unless some force outside the stone causes it to move. ^ living 
tilin g can move without the aid of an outside force. A dog 
can change its position at will. A tree cannot walk about, and 
seems to be swayed only by forces outside itself, but we shall 
see later that a tree can and does move its parts m ways not 

possible for a stone. _ , 

If you touch a dog it will react m some way, perhaps by 
snapping at you or going away from you. If a stone is touched 
it does not react in any such way. Living thin^ are capable of 
being stimulated from outside themselves and of reacUng to 
the stimuli. The stimuli may be of various kinds such as light, 
heat, or sound, but aU living things arc not capable of reacting 
to all kinds of stimuli, though it is charactcnstic of all living 
things that they are capable of receiving and respondmg to 
some stimuli. This power is caUed initabibly. often speak 
of a person being ‘irritable’ when he is easily offended. Actually 
he is too sensitive to outside stimuli, and responds to them too 
freely.) Non-living things are not irritable. 

4601 B 
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Living things respire, non-living things do not. In ourselves 
and other animals which make movements when they respire 
we speak of it as breathing, but as all plants and a large 
number of animals do not make breathing movements, it is 
better in aU cases to speak of this process as respiration. 

Living things require food to transform into the substance of 
t bpj r bodies and to provide energy for their activities. This 
power of feeding or nourishing is called nutrition. 

A living organism has the power of growth. If a crystal of 
alum is suspended in a solution of alum it will become larger 
and have a shape characteristic of alum crystals. It ‘grows’ 
because some of the alum from the solution is deposited on the 
crystal. Alum is merely added to alum. A cow eats grass 
which is transformed into muscle, fat, bone, and milk. There 
is a great difference between these two ways of ‘growing’. We 
can say that the cow eats and grows, whereas the crystal 
increases in weight by an accumulation of more of the same 
substance. 

As a result of their activities living things have to get rid of 
waste substances which are formed. This is known as, excretion. 

Living things are able to produce young which in time grow 
like their parents. Trees produce seeds, hens produce eggs 
from which chickens hatch, cows produce calves, but stones 
and other non-living things do not reproduce themselves. 

Thus the characteristics of living things are : Movement, 
Irritability, Respiration, Nutrition, Growth, Excretion, and 
Reproduction. During the course of our work we shall study 
these in greater detail, but meanwhile you should get into the 
habit, when examining a plant or animal, of noting which of 
these chsiracteristics arc obvious or not. 

Again we shall try to find out how living organisms have 
adapted themselves to make the best use of these characteristics 
in their own particular environment, thereby making their 
existence easier. Further, we shall see how Man, by reason of 
lus more highly developed brain, has made use of other 
living organisms and non-living things to. this end; e.g. how 
he has bred animals and cultivated plants to give him food, and 
invented machines to do his work. 
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PLANTS AND ANIMALS 

We have mentioned two kinds of living things, plants and 
animals. It is difficult for some people who have not studied 
plants to believe that they are alive in the same sense that 
animals are alive. We shall sec that this is true. The differences 
between plants and animals are more obvious than the resem- 
blances between them, but we must avoid getting our ideas 
about plants and animals only from those we commonly see 
around us. We can all see differences between a cabbage and 
an elephant, but there are some very simple living things, 
mostly so small as to be microscopic, which cannot be classified 
definitely as animals or plants, for they have some charac-. 
teristics of both. Generally animals and plants differ chiefly in : 

(i) the ways in which they move from place to place (plants 
usually remain fixed to one spot) ; 

(a) the way in which they obtain their food. 

The second is the more important, for some animals remain 
fixed, while a few plants actually swim. There are other 
important differences but these must be left until we have 
examined some plants and animals. 

The Dependenge of Living Things on Water and Air 

Living things cannot live for long without water and air. 
We have seen plants wilt and die when short of water, and we 
know that all the animals we commonly see around us must 
have both air and water. We cannot hope to understand how 
plants and animals live unless we know their relations to water 
and air. If we wish to learn about living things we must first 
study the air and water, so important to them and to us. 

QUESTIONS 

1. What are the essential differences between living things and 
non-Uving things? 

2. State clearly the difference between the ‘growth’ of a crystal 
and the growth of an animal. 

3. What are the main differences between plants and animals? 
Illustrate your answer with examples. 
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PRELIMINARY STUDY OF WATER 
WATER 

We s>ifln first study water rather than air because it is much 
more easily handled. We already know much about it. It is 
the most familiar liquid in our ^erience. It falls on us from 
the skies, runs in streams and rivers, forms ponds, lakes, and 
oceans. The greater portion of the earth’s surface is occupied 
by water. Simply by keeping our eyes open and observing the 
effects of water on the things around us we can learn much, 
especially if we observe carefully. We can also learn about 
water by handling it and by trying to do things with it. 

SOLUTIONS AND SUSPENSIONS 

Eipt. I. Stir some conunon salt in water. The salt disappears. It 
dissolves in the water. The resulting liquid is called a solution of salt 
in water. The salt is soluble in water. We say that water is a solvent 
for salt. The substance dissolved in the solvent, in this case salt, is 
called the solute. 

Espt. 3. Stir a very little powdered chalk in a large beaker of 
water. The chalk does not disappear. The chalk is insoluble in water. 
It does not dissolve. The resulting liquid is called a suspension of 
chalk in water. If the suspension is left for a time, most of the chalk 
falls to the bottom as a sedimtob 

Make a list of substances which are (i) soluble in water, (3) in- 
soluble in water. If you do not know whether a substance is soluble 
or not, try it, using a small quantity of the substance and a com- 
paratively large quantity of water. 

£]qit. 3. Put some salt solution in an evaporating basin and heat 
it. The water disappears, and the salt remains behind. The water 
has changed from liquid water to water vapour. It has eaaporated, 
that is, has changed from a liquid to a gas (or vapour). 

^ Eapt, 4. Allow the suspension of chalk in water to stand a long 
time until all the chalk is at the bottom of the vessel. Pour off the 
water from the chalk. This process is called decanting. The chalk 
may be separated from most of the water left by drying on blotting 
paper. 

Estpt. 5. Fold a filter paper and fit it into a filter funnel (Fig. 1). 
Pour into the paper a suspension of chalk in water. The chalk 
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remains on the filter paper and the water passes through. This 
process is called filtration. What remains on the filter paper is called 
the residue. What passes through is called the filtrate (Fig. 2). 

Expt. 6. Filter a solution of salt in water. Does anything remain 
on the filter paper? What passes through the filter paper? To recover 
the solid from a liquid in a suspension we decant or fUter. To recover 
a solid dissolved in a liquid we evaporate the liquid. 

Water is not the only solvent although the most important. 
Not only wiU it dissolve more solutes than any other solvent. 



Fio. I. Folding a filter paper. 



but it is the solvent in the bodies of living plants and animals 
for food, thus enabling transport and digestion to take place. 

Expt. y. Use water, benzene, and carbon disulphide as solvents to 
try to dissolve salt, iodine, paraffin wax, and sulphur. As benzene 
and carbon disulphide arc extremely inflammable great care must be 
taken with these liquids. The liquid, or vapour from the liquid, must 
not come near a flame. The tubes containing these liquids may be 
warmed by holding them in a beaker of warm water. 

Methylated spirit is used for dissolving shellac in the manu- 
facture of firench polish. It is also used to dissolve iodine, 
together with a few crystals of potassium iodide, in the pre- 
paration of ‘tincture of iodine’. Benzene, petrol, and ether 
dissolve fats and oils, and are therefore used for ‘dry cleaning’. 
‘Rubber solution’, used for mending punctures, is made by 
dissolving rubber in benzene. 



THE SEPARATION OF MIXTURES 
The fact that some substances arc soluble and some insoluble 
in a liquid may be used to separate them. 

Expt. 8 . To separate a mixture of salt and chalk. Add a 

little of the mixture to -water in a beaker and stir. What happens to 
the salt? What happens to the chalk? Filter. Of what does the 
filtrate consist? What is the residue? Wash the residue free from 
salt water by passing water through the filter three or four times. 
Scrape the wet chalk on blotting-paper until as much as possible of 
the water is removed. Evaporate the filtrate. What is obtained? 

Expt. g. To separate a snlxture of iron filings and sulphur. 
We take advantage of the fact that sulphur is soluble and iron filings 
insoluble in carbon disulphide. (Do the work in a fume cupboam 
because carbon disulphide is poisonous, inilanunable, and has an 
unpleasant smell.) After adding carbon disulphide to the mixture in 
a test-tube, shaking and allo-wing to settle, decant into a watch-glass. 
Allow the carbon disulphide to evaporate. This it does quickly as it 
is very volatile (easily vaporized). Crystals of sulphur are left on the 
watch-glass. Shake die iron filings with more carbon disulphide to 
dissolve any sulphur that may be left. Decant. Repeat this process 
until the iron fihngs are free from sulphur. 

SATURATED SOLUTIONS 

Expt. 10. Add a little copper sulphate to some water in a beaker 
and stir. The copper sulphate dissolves. Add more copper sulphate. 
If this dissolves add still more, until no more will dissolve. We have 
now A salurated solution of copper sulphate in water. Warm the beaker 
over a bunsen burner. The remaining copper sulphate dissolves. 
Add more copper sulphate until no more will dissolve. We have now 
a hot saturatra solution, whereas before we had a cold saturated 
solution. Decant the hot saturated solution into two portions in 
separate beakers, A and B, Cool the solution in A quickly by allowing 
cold water to run on the outside of the beaker. Stir while cooling. 
Small crystals of copper sulphate appear. Decant, and dry the copper 
sulphate crystals formed by scraping them over fresh sheets of blotting- 
paper. Examine them under a lem or microscope. Can you say why 
the crystals came out of the solution on cooling? ’ 

Expt. 11. Allow the hot saturated solution in J? to cool slowly. 
Note that the crystals formed are much larger than those formed in 
the previous experiment. Select the largest crystal that seems well 
shaped and undamaged. Suspend it in a cold saturated solution of 
copper sulphate for a few days. Watch it increase in size from day to 
day. What causes it to ‘grow’? What causes the copper sulphate to 
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come from the solution? What must be happening to the water of 
the solution all the time? What effect will this have on the amount 
of copper sulphate that can remain in solution? 

These experiments should be repeated using other substances, 
such as alum and saltpetre. Both large and small crystals should 
be obtained. Examine and draw the crystals. 

Most, but not all, substances are more soluble in hot water 
than in cold. Common salt is not much more soluble in hot 
water than in cold. For this reason it is not a good substance to 
use in these experiments. A few substances, like slaked hme, 
are more soluble in cold water than in hot. 

PURIFICATION BY CRYSTALLIZATION 
It is found that if impure substances are crystallized, as in 
Experiment 10, and small crystals obtained, the latter are 
purer than the original crystals. If now the small crystals are 
recrystallized several times, after each recrystaUization there 
is an increase of purity. A high degree of purity may be 
obtained in this way. 

CRYSTALLIZATION IN NATURE 
In various parts of the world huge deposits of crystals arc 
found. Common salt is found in Cheshire and in many other 
parts of Europe' and America. Chile saltpetre is found in 
enormous quantities in Chile, and there are many other 
deposits of various crystalline substances. These have been 
deposited naturally, in much the same way that we obtain 
crystals by slow evaporation in the laboratory. Perhaps an 
expanse of water containing dissolved substances becomes 
isolated from other water either by earthquakes or by the slow 
rising of the land. Then slow evaporation begins, and if the 
water is not replaced by streams .the volume of the water 
decreases. This causes the solution to become more concen- 
trated. At length the solution becomes saturated for a 
particular substance and further evaporation causes the crystals 
to be deposited. Finally all the water is evaporated and the 
deposit of crystals remains. Further earth movements may 
cause the crystals to be buried under the ground. 
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DISTILLATION 


Expt. 12. Boil some water in a kettle. Note the ‘steam’ issuing 

from the spout (Fig. 3). Near to 
the mouth of the spout nothing 
can be seen, but just a little away 
what is commonly called ‘steam’ 



can be seen. Over the vapour 
issuing from the spout suspend a 
cold (Bsh so that the vapour im> 
pingcs on the dish. Note that 
liquid water comes on to the dish. 
The vapour into which the water 
of the kettle is changed condenses 
to water. 


Fig. 3. Distillation of water in Condensation is the changing 

“ of a vapour to a liquid. Steam 

is invisible. That is why nothing can be seen just at the mouth 
of the spout of a kettle in which the water is boiling vigorously. 
A little distance away the steam condenses in the colder air and 
small particles of liquid water can be seen. This is usually, but 
incorrectly, called steam. In ordinary everyday speech this 
does not matter but in Science it is important to say exactly 
what we mean. 


Espt. 13. Fit up an apparatus as in Fig, 4. Put some water in the 
flask and boil it, What happens to the water in the flask? The water 
vapour passes through the Liebig condenser where it is cooled by the 
cold water which flows constantly through the jacket. What happens 
to the water vapour as it passes through the condenser? The liquid 
in the small flask is called distilled water. This process is called 
£slillatim, that is, evaporation followed by condensation. 

E^t, 14. Replace the water in the distillation flask by a strong 
solution of common salt and distil it. Taste the distilled water. It 
does not taste of salt. Place a few drops on a clean watch-glass and 
warm_ gently on a gauze fixed well above a small flame. Is there any 
deposit on the watch-glass when the water has evaporated? Examine 
the water in the distillation flask after you have distilled for a long 
time. Do you see any solid particles? If so, what are they? 

The purpose of distillation is to .separate a pure liquid from 
its impurides, for all dissolved solids are left behind when the 
liquid evaporates. Other liquids besides water may be dis- 
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tilled, and we shall see later how the method of distillation may 
be used for separating mixtures of different liquids. Distilled 
water is needed in the laboratory in large quantities, and there 
is usually an apparatus kept in the laboratory for producing 
distilled water cheaply. The principle of it is that of Experiment 
13, Distilled water is also produced in large quantities on some 
ships from sea water. Before it is used for drinking it has to be 



shaken up with air. Freshly distilled water has little or no air 
dissolved in it and so tastes Bat. Some laundries and factories 
also make distilled water in large quantities (see Chapter XVII) . 

STATES OF MATTER 

We already know that water can exist as ice (a solid), as 
liquid water, and as steam (a gas, or vapour). Many other 
substances can exist in these three states. When we are 
describing a substance, usually the Hrst thing we say is whether 
it is a solid, liquid, or a gas. We are not often in doubt about 
the state of a particular substance, but occasionally we have 
some doubts about substances like pitch and sealing-wax. 
When you wish to see if a substance is in the solid or liquid 
state you tilt the vessel containing it. If it flows you say that 
it is a liquid. Solids do not flow like liquids. Gases also flow. 
Later you will make gases heavy enough to be poured from 
one vessel to another. Substances which flow, that is, liquids 
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and gases, are caSisd fluids. If you pour tea into a nin , 
stop pouring when the cup is half-full. The tea in thp 
not then fill the cup. But if vou ‘'“P 

gas will fill the whole space if left long enough ' WeThall 

go wrong if for the present we rejrd a SpoS 
as the same thing.) ^ vapour and a gas 

Whether a substance exists naturally as a soHH -j 

IS nearly always a matter of temperature. We In Enda 
think of water as a liquid We mi'tyt,* fU- i e- ^ ™ *ogland 
ff « lived m d.e 

fate »ay be „lid, on a Ld ly btato™ 

S«.= »llde, h«»cvo-, ca.no, be Eqaefirf^ItS." 
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«•& ice vvater steam 

natural distillation 
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and exists for a time as water vam ■ Z ' 

cooler conditions the water Under 

clouds which consist of nitm ^ ^ “ condensed and forms 
■»i«d wth ai, S 1ST” Httid waS 
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current of air can no longer sunLrr "sing ' 
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Ram water contains very little Hi« “ formed. ! 

than IS dissolved fi-om thT afT ^ “alter, no more ' 
through it. The purity of rain wato dm P®'®®“ 

“r through which it has 0 ^ of J 

naturally less pure than^that k? f 

atmosphere of the countryside Nearer [; 

m sdution gases which hhas dive7fr ^ contains |; 

^dition, a very little solid man- fr°“ the air, and in I. 
the atmosphere. '^“®oNed from the dust of j; 
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RAINFALL 

The amount of rain falling in a district is of great importance. 
On it depends to a large extent the kind and amount of 
vegetation possible) and ultimately the whole life of the 
district is affected. 

Rainfall is measured in inches. 

The rainfall at Edinburgh in the 
year 1937 was a 6 inches. This 
means that if all the rain which 
fell at Edinburgh during that 
year had remained there on 
level ground, none sinking in, 
and none being lost by evapora- 
tion, then at the end of the year 
the water would have been a6 
inches deep. 

Rainfall is measured by a * 
rain gauge (Fig. 5) . Try to make 
one for yourself. The rain is caught in a funnel and runs 
immediately into a bottle so that there will be no loss of water 
by evaporation. The gauge must be so placed that no splashes 
from the ground enter the funnel and care must be talren that 
it is not blown over. It should be fitted with a heavy base to 
prevent this, or should be sunk vertically in the ground so that 
it projects about 3 inches above the surface. This prevents any 
water entering the gauge from the surface of the ground. 

Every morning at the same time the water (if any) in the 
bottle should be poured into a measuring cylinder. This is 
graduated with reference to the area of the funnel opening, so 
that the rainfall may be read in inches. 

The readings from the gauge might be tabulated thus : 


Jaraiary ig . Place 


Date 

X 

2 

3 

' 4 

5 

6 

7 

8 

9 

See. 

Rainfall 
in inches 
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A graph of the readings should also be made. Fig. 6 shows 
a graph of the rainfall at London for igs?- 
Maps showing the rainfall in all countries during summer 
and winter are now to be found in all good atlases. They are 
important in the study of Geography, because the activities of 



Man arc so much bound up with the rainfall of the district 
in which he lives. 

The wettest spot on the earth is Cherrapunji, in Assam in 
North-East India. It has an annual rainfall of over 400 in. 
Tea and rice are cultivated there. Compare this rainfall with 
that of London and New York. In 1937 the annual rainfall of 
London was 30*2 inches, and of New York 48-4 inches. 

NATURAL WATERS 

Of the rain that falls on the earth some is immediately 
evaporated and some sinks into the soil. Some of this is used 
by plants and animals. Some sinks very deep down into the 
earth, but eventually most of the water which falls as rain is 
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changed into water vapour and subsequently falls again as 
rain. There is a circulation of water from liquid to vapour and 
then to the liquid state again. Some water, especially that 
which sinks very deeply, remains in the liquid state a long time. 
As water passes through the various rocks it dissolves many 
substances. We usually think of river water as fresh compared 
with that of the sea which is salt. But river water contains 
dissolved substances and other insoluble substances in suspen- 
sion, These it carries to the sea. Much ofthe suspended matter 
is deposited at the mouth of the river while the dissolved 
substances enter the sea. This partly accounts for the sea’s 
saltiness as the water is continually evaporating leaving the 
dissolved solids behind. Inland lakes with no outlet to the sea 
are often salt lakes. The waters of wells and springs contain 
dissolved material because the water has passed through 
various kinds of rocks before reaching the wells or springs. 
Some well and spring waters contain much dissolved matter, 
some little, according to the nature of the rocks through which 
they have travelled. Pure spring water has hardly any taste. 
The ‘sparkle’ is due to dissolved gases (air and carbon dioxide). 
Geysers are hot springs. 

The effect of these dissolved substances on the water will 
be studied later. Water which has drained through soil 
naturally contains dissolved matter and this is so important 
from our point of view that it must be studied in detail. 

WATER SUPPLY 

People live together in large towns and it is important that 
they should have a plentiful supply of good water for drinking, 
cooking, cleansing, and manufacturing purposes. This is a 
serious problem in large cities like London, Manchester, 
Liverpool, and Glasgow where the local supply is not sufficient. 
Water has often to be brought long distances. Manchester 
brings much of its water from Thirhnerc and Hawes Water in 
the Lake District, about 100 miles away. Much of the water 
used in Liverpool is brought 68 miles fiom Lake Vyrnwy in 
Wales. Glasgow obtains its water from Loch Katrine, s6 miles 
away. London obtains water from the Thames and from wells. 
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The river Vyrnwy is a tributary of the Severn. A large d 2 ’ 
was built across the mouth of a large flat valley through wS 
the nver Vyrnwy flowed. This kept aU the water in the v^Iet 
thus forming a large reservoir, a lake 4f miles long with^’ 
^rface area of 1,100 acres and a ma^um depth 
The lake contains 13,000 million gallons of wat^, supphed by 
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Pic. 7. Diagrammatic section of a filter bed 


for ltd supply 1I“™tor 

passes through Conner vsitita ^ ^ surface, 

at least 7 feet in diamfter, to the^filter bld^^” 0°"^ 
distance of about ao miles. ^ Oswestry, a 


n PRELIMINARY STUDY OF WATER 15 

is a layer of fine sand a feet 6 inches thick. The depth of water 
above this is also a feet 6 inches. The water from the lake is 
again passed through copper gauze and then sprayed gently 
on to the filter bed. By this means the water is exposed to the 
action of light and air, both excellent agents for destroying 
microbes which might cause disease. This method of spraying 
also allows the water to fall gently on the surface of the water 
in the filter bed and thus the top layer of sand is not disturbed. 




Fio. 8. An inverted bell-jar used as a filter. 

This is important as it is found that the top layer is very 
effective in clearing the water of piicrobes. The water trickles 
through the filters and is then conveyed to reservoirs where it is 
stored. 

Expt. 15. To make a filter bed. Obtain a large bell-jar or other 
suitable vessel (Fig. 8). Remove the stopper, invert the jar, and place 
at the bottom some pieces of clean brick. Then in the following 
order put in layers of coarse gravel, fine gravel, coarse sand, and 
lastly a thicker layer of fine sand. You should now have about two- 
thirds of the beU-jar fuU. Put some thick paper loosely on the top of 
the sand and pour dirty water on to the paper. In this way the water 
will reach the sand without disturbing it too much. When the bell- 
jar is almost full of water remove the paper. Note how long it takes 
for the water to trickle through the filter and come out at the bottom. 
Compare the appearance of the water wltich trickles out with that of 
the muddy water put into the filter. 

The water collected and stored in a mountainous district 
flows through the pipes naturally to the towns in the valleys at 
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a lower level. Sometimes during the journey it is necessary to 
pump the water to a higher level so that it will then flow better 
to the required place. In distributing the water to the houses 
and factories in the town the water is first stored in reservoirs 
which are higher than the highest point to which the water has 
to be served. If necessary the water is pumped to the height of 
these reservoirs. 

Some towns obtain their water from wells, the water of 
which is pumped to a high point and then allowed to flow 
through pipes to the houses, or it is pumped directly into the 
mains. 

QIJESTIONS 

I. State clearly, giving examples, the difference between a suspen- 
sion and a solution. 

How may ( i ) a soluble substance be recovered from a solution and 
(3) the solid and liquid parts of a suspension be separated? 

3. Describe bow you would separate a mixture salt and sand in 
order to obtain them in a dry condition. 

3. What is a saturated solution? 

You are given some commercial copper sulphate. Describe how 
(a) you would purify it by crystallization, (ft) you would obtain a 
large well shaped crystal of copper sulphate. 

4. What is distillation? What is it used for? Give two examples to 
illustrate your answer. How would you obtain some distilled water 
without using any apparatus except ordinary kitchen utensils? 

5. What dissolved matter (if any) docs rain-water contain? How 
is rainfall measured? Describe the construction and use of a rain 
gauge. Which is the wettest region (a) on the earth, (6) in England? 

6. How do the following natural waters differ as regards (a) matter 
in solution, (i) matter in suspension; rain-water, river water, deep 
well water, sea water? 

7. Why is it essential that people livmg in large towns should have 
a plentiful supply of good water? Describe the water supply of any 
large town you know. 
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SOME PLANT RELATIONS TO WATER 

It is common knowledge that plants cannot live long without 
water. All kinds of questions come to our minds. Why cannot 
plants live without water? How does the plant obtain its 
water? What does it do with it after obtaining it? How much 
of a living plant is water? Let us try to find answers to some 
of these questions by experiment. 

What Proportion of a Livino Plant is Water? 

Ezpt. i6. Strip some fresh leaves from a plant and weigh them. 
Leave them in a clean warm dry place for several days until they arc 
dry and shrivelled. Weigh again. Note the loss in weight and express 
tins as a percentage of the original weight. Do the same with other 
plants and different parts of plants, e.g. a piece of potato, a piece of 
apple, a green stem, a woody part of a plant, a piece of root, &c. 
What do you find? 

Your results will not be quite accurate because under such 
conditions all the water will not be lost. Your percentage will 
be too low. A more accurate method would be to heat the 
weighed leaves in a steam oven until the weight is constant, 
i .e. until two consecutive weighings are the same. 

A large percentage of all plants is water. Some plants, e.g. 
the green scum often found floating on the surface of ponds, 
have a higher percentage of water than others. The different 
parts of plants differ in the percentage of water they contain. 
Fresh lettuce leaves contain 94 per cent. The woody parts of 
a plant contain about 50 per cent., fruits about 90 per cent., 
and the fleshy parts of some plants as much as 95 per cent. 
Rabbits can be kept alive without drinking water if supplied 
with sufficient lettuce leaves to eat. 

DOES WATER ESCAPE FROM A LIVING PLANT? 

Expt. 17. Take two test-tubes each three-quarters full of water. 
In one insert a lea% shoot and in the other insert a similar shoot from 
the same plant except that it must be stripped of most of its leaves. 

4601 (3 
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Into each test-tube pour a little olive oil. This remains as a layer oa 
the surface and prevents loss of water by evaporation. Weigh each of 
these test-tubra with their contents separately and then suspend them 
near to each other (Fig. g). Leave for a day. Re-weigh each sq)ar. 
ately. 

Both lose weight. This can only be loss of water through the plant 
The leafy shoot loses more water than does the other shoot. 



How Does the Water Escape from the Living Plant? 

Expt. i8. Choose four fresh laurel leaves with short stalks from the 
same plant. Let them be approximately the same size. Vaseline 
the ends of the stalks, and also cover the upper surface of the first, the 
lower surface of the second, and both surfaces of the third with 
vaseline. Leave the fourth untouched. Hang the leaves up in a 
warm room and leave them there for a few days. Notice which leaf 
becomes limp before the others. 

The fourth leaf wilts first, the first a little later, the second 
takes much longer, and the third does not appear to wilt at all. 

A more accurate method would be to weigh the leaves in 
each case at the beginning arid the end of the experiment. The 
loss in weight would indicate the amount of water lost. 

, Eo^t. xg. Dry a lilac or privet leaf thoroughly between pieces of 
blotting-paper and place it between two pieces of blue cobalt chloride 
paper. Cover each side with a strip of dry glass and clip Aem 
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together to prevent the entrance of water. The blue cobalt paper 
gradually turns pink. This is due to moisture given off by the leaf. 
The change occurs more rapidly on the under surface of the 
Why is this? To answer this quest on we must examine a leaf in 
some detail. 


EXAMINATION OF A LEAF 

Examine as many different kinds of leaves as you can. 



Fig. 10 . a portion of the epidermis of the leaf 
of an iris (see p. 90). 


There is an enormous variety. Many plants can be iden- 
tified by their leaves alone. You will find that most of the 
leaves you examine consist of two parts, a broad flat portion, 
the Hade, and a leaf-stalk. The latter is usually continued in 
the flat part as a vein. The veins often forih a network, but 
each vein, even the smallest, can be traced back to the point 
where the leaf stalk enters the blade. In some leaves, e.g. those 
of the daffodil, iris, hly, and all grasses, there is no net-work 
of veins. The veins in these leaves all run parallel. When 
we come to understand the work the leaf has to do we shall 
understand the importance of the form of the leaf. 
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‘If an iris leaf is bent sharply until it is broken, the two parts 
may be pulled away from each other in such a way that the 
'shin’ of the under surface of the leaf is stripped off. Try to do 
this and mount a portion of the ‘skin’ in glycerine and examine 
under the microscope, first under the low power and then 
with the high power. Fig. lo shows what it is possible to see 
when such a specimen, suitably stained and mounted, is 
examined under the high power. The leaf seems to be divided 
' into a large number of very small parts. Each part is called a 
cell. Wc shall not get very far in our attempt to understand 
living things until we learn something about cells. 

The Appearance of Lrvrao Matter under the 
Microscope 

Nearly all living things, plants and animals, have a cellular 
structure. This is seen much more clearly in plants than in 
animals because the cell walls of plants are much more distinct 
than those of animals. Most animal cells have no cell walls. 
Some living things are so small that they consist of only a few 
cells, and some consist of only one cell. The latter arc said to 
be unicellular, or, as some prefer to call them, non-cellular. In 
ordinary living things, however, the number of cells is enor- 
mous. They are of many shapes and sizes, but all living cells 
contain a substance called protoplasm. It is impossible to say 
what this living substance is. It looks like an almost colourless 
and transparent but granular jelly. When the protoplasm of 
a cell is carefully examined, a denser portion, ctdled the 
nucleus is seen. It is not often easy to see this in the cell unless 
the protoplasm has first been suitably stained. A little weak 
iodine solution will turn protoplasm brown, and the nucleus a 
deeper brown. It lulls the protoplasm in the process. 

There are many other substances and bodies in a cell, 
including much water. 

STOMATA AND GUARD GF.T.T..<; 

In your examination of the skin of the iris leaf note : (i) the 
elongated cells forming the greater part of the skin, (2) aTnnng 
these cells at fairly regular intervals, pairs of cells of quite 
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different shape enclosing a tiny hole or pore. This pore is 
called a stoma (plural stomata) and the cdls enclosing it are 
called guard cells. When looking through a microscope it is 
difficult to remember that we are viewing cells which have 
three dimensions, length, depth, and breadth. The cells look 



'^Upper epidermis 
•Palisade meso^^^^^ 


Spongy mesopf^:^ 
Jloiver epidermis 


Stoma with guard cells 


Fio. II. A small portion of tlic cross-section of a typical green 
leaf, as seen under the microscope. (Highly magnified.) 


flat and we have constantly to remind ourselves that they have 
depth as well as length and breadth. We cannot tdl what 
guard cells are like until we have seen them from another 
direction. Examine a prepared slide of a transverse section of 
a leaf (Fig. ii). We are now looking at the thickness of the 
leaf. Note: (i) the row of cells forming the ‘skin’ {epidermis), 
the outer wall thickened; (2) the closely packed row of cells 
under the epidermis, containing many small green bodies, 
chloroplasts; (3) the mass of loosely packed cells with large 
spaces between; (4) the lower epidermis, like the upper except 
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that the outer waUs are not thickened and occasional guard 
cells are seen. The guard cells are the only cells of the epider- 
mis which contain chloroplasts. The stoma is a pore through 




Fio. 12. A. Portion of a leaf epidermis ■with stomata in surface view. 

B. Section of epidermis and stomata. (Both highly magnified.) 

which air can enter, or air and water vapour can pass from the 
inside of the leaf to the external atmosphere. It is through the 
stomata that the plant loses its water in the form of water 
vapour. In most plants the stomata are in the lower epidermis 
and very few in the upper epidermis. Now re-read page i8 
and you will understand the results of Experiments i8 and ig. 

The stomata open and close under the action of the g^ard 
cells. When the latter become distended with water, they bend 
away from the stoma, which becomes larger. On losing water 
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the guard cells become less curved and the stoma closes (Fig. 
12). It is commonly stated that the guard cells are influenced 
by the amount of water in the atmosphere, that is, they cause 
the stomata to open on damp days and to close on hot dry days, 
so as to conserve the moisture. This is not so.' The stomata 
open and close under the influence of light. 

Water does not normally escape from the plant through the 
epidermis of the leaf, because the thickening of the external 
wall makes this almost impervious to water. 


HOW DOES THE PLANT OBTAIN WATER? 

Ezpt. 30. Obtain a healthy plant such as a geranium which has 
been growing well in an ordinary plant pot. Stand it in water for an 
hour until the soil is soaked with water. Take it out and allow it to 
drain until no more water drips irom the hole in the bottom of the 
pot. Dry the pot on the outside with a duster and make it impervious 
to water by greasing the sides and bottom of the pot liberally. The 
hole must be sealed and the sealing material greased. Cover the top 
of the pot with a well-fltting circle of cardboard, leaving a hole for 
the stem of the plant. Grease the cardboard well, especially round 
the edges and where the cardboard touches the stem. Put the plant 
in a good growing position inside a room. Leave it until it begins to 
vrilt. This will probably take some weeks. Take the cardboard off 
and examine the soil and roots. 

The soil is dry. Where has the water gone? It could not 
have left the pot other than through the plant because all other 
possible routes have been blocked. 

An alternative method of performing the experiment would 
be to fasten rubber sheeting round and over the top of the pot, 
sealing off with adhesive tape. The pot and contents should be 
weighed, left for a day, and weighed again. Loss of weight 
would indicate that the plant had lost water. 

At What Rate Does the Plant take in Water? 

The intake of water by a plant can be very conveniently 
studied by using the instrument illustrated in Tig. 13. It is 
called a potometer, and is used as follows : 

The screw-clip A is opened and an india-rubber tube with 
screw-clip is fitted to the end B of the graduated capillary tube. 
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Water is poured into the thistle funnel. It fills the apparatus 
except for a portion of the capillary tube. A leafy shoot is 
fitted by means of rubber tubing to C. Clip A is now opened, 
clip B removed, and the water flows along the capillary tube 
to the end. Clip A is now cl<Med. As water is taken by the 
plant, the end of the column of water in the capillary tube 



Era. 13. A potometer. 


moves. The rate at which the plant takes in water can thus be 
estimated. 

Expt. 21. Use the potometer to compare the rates at which water 
is taken in by a leafy shoot under the following conditions; in a cold 
room, and in a hot room; on a wet day and on a dry day; during 
darkness, and during a period of sunshine; in a still atmosphere, and 
in a current of air. 

As the time taken for these experiments is comparatively 
short, it is unlikely that any of the water taken in is used for 
growA. The amount of growth of the plant will be so sTnq] ] 
that it can be neglected. Thus we may assume that all the 
water taken in by the plant was given out, and that when we 
measure the intake of water by this method we are also 
measuring the rate of loss of water by the plant. The loss of 
water by a plant by this method is called transpiration. 

The external conditions affecting transpiration are thus 
seen to be the same as those governing evaporation. High 
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temperatures, dry air, and winds increase transpiration, whilst 
low temperatures, moist and still air decrease it. Again, since 
the water vapour is given off mainly through the stomata, the 
amount of water lost by a plant will depend largely on the 
number and size of its leaves and the number of stomata they 
contain. The rate of transpiration is also affected by the amount 
of sunlight, for the guard cells open and close under the 
influence of light. 


HOW DOES THE WATER ENTER THE PLANT? 


The experiments we have performed and 
our every-day experience direct us to examine 
the roots of the plant for an answer to this 
question. When a gardener transplants seed- 
lings he waters them well, because he knows 
that he must have disturbed the roots when 
he lifted the plants, and that for a time the 
plants will have difficulty in obtaining all the 
water they require. He therefore does liis 
best to help them. In spite of his care the 
newly transplanted seedlings often wilt, show- 
ing that they arc unable to obtain the water 
he has supplied. 

Expt, as. Sprinkle some mustard or cress seeds 
on some muslin stretched over the mouth of a jar 
full of water. Let a few strands of the muslin hang 
in the water so that the muslin on which the seeds 
lie will always be wet. Place the jar in a warm 
place. The seeds will soon germinate and the roots 
will go through the muslin towards the water. 
When the roots are over an inch long take the 
seedhngs out and examine them. Not far behind 
the root tip you will find numerous very fine root 
hairs (Fig. 14). Place a seedling on a slide in water 
and examine it under the low power of the micro- 
scope. Try to see how a root hair is attached to 
the root. 



Flu. 14. Mustard Seed- 
lings, showing (a) root 
hairs; (b) sou clinginff 
to root hairs 


A root hair is a tubular outgrowth from a single cell in the 
outside layer of cells of the root. It is very long. If some iodine 



Pro. 15. Root haira in intimate contact with the soil. 

Ae vacuole in a root hair, but a watery solution of substances 
I his liquid IS called the cell sap. 

Grow some mustard se'eds, this time in very fine soil. Pull 
up tlm seedhi^ and note how the soil clings to the region of the 
root hairs. Figs. 14, 15 illustrate the intimate contact between 
the root hairs and the particles of soil. The water needed by a 
plant IS t^en in by the root hairs. It is not yet fully understood 
ow this is done, but we can learn something about the method. 

OSMOSIS 

thSfor a\w them 

£ tagh *e S’ Water passes 

^ large potato and cut one end so that it will stand 
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water. The level of the water outside the potato should not reach the 
level of the bottom of the hole in 


the potato. Leave for some time 
and note the level of the solution 
in the potato. It rises. Water 
from outside the potato must 
have passed through the cells of 
the potato and thus increased 
the volume of the solution in the 
hole. The solution of sugar is 
now weaker. 

Ezpt. «5. Repeat the above 
experiment, but boil the potato 
for a few minutes after shaping. 
The level of the solution in this 
case does not rise. 

Ezpt. 36. Fasten some soaked 
parchment paper (or a piece of 
pig’s or sheep’s bladder, or a 
piece of thin cellophane) to the 
wide end of a thistle funnel by 
means of several turns of waxed 
thread. Test the joint to see that 
it is water-tight ; if it is not make 
it so, otherwise the experiment 
will fail. Fit up the apparatus 
as in Fig. 17. Four some sugar 
solution coloured with red ink 
into the thistle funnel and tube, 
and mark the height of the 
Ijquid. Lower the thistle funnel 
into a beaker containing water. 
Watch the movements of the 
column of sugar solution for 
several days. The level of the 
solution rises. Water must have 
passed through the parchment 
paper into the sugar solution 
thus increasing its volume and 
making it weaker. 


Sugar solution 



I — Peeled 
potato 


Water. 


Fto. 16, 



Fio. 17. Osmosis. A thisdc fun- 
nel containing sugar solution; and 
a jar of water. 


Water passes through the 
parchment paper (which is 
called a membrane) as if it were being pushed from outside or 
pulled from inside. It is not yet known what is the real cause of 
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the behaviour but it is certain that the water travels through 
the Tn fTnhranp to the solution, thus diluting it. This behaviour 
is called osmosis, and the action gives rise to a pressure on the 
solution side called the osmotic pressure of the solution. 

In Expeiiment 23 the skin of the raisin acted as the mem- 
brane. Inside this was a strong solution of sugar. Outside was 
water. The water passed from the outside, through the mem- 
brane to the inside, thus causing the raisins to become plump 
but diluting the sugar solution. In osmosis the water always 
passes in that direction which causes the stronger solution to 
be diluted. 

In Experiment 24 the cells of the unboiled potato acted 
as membranes through which the water passed to the solution 
in the hole in the middle of the potato. This shows that water 
can pass by osmosis through many membranes in succession. 
In the boiled potato no osmosis occurred. Boiling has the effect 
of killing the cells, so it would appear that the membrane is 
not the ceU wall but something in the living cell. 

The Part Taken by Osmosis in the Entry of Water 
INTO A Plant 

The root hairs are in very close contact with the soil and soil 
water. Soil water is a very weak solution of many substances in 
water. The large vacuole of the root hair contains cell sap, 
which is also a weak solution of many substances in water. Of 
these two solutions the cell sap is the stronger. Osmosis takes 
place, the water passing from the soil into the cell. It must not 
be assumed that the cell wall of the root hair corresponds to the 
membrane in our osmosis experiment. It is probable that the 
protoplasmic lining is the membrane. The problem has not 
yet been solved, but our experiment with the potato suggests 
that it is some living part of the cell which forms the membrane. 

Some gardeners water their plants with solutions of sub- 
stances which they know from experience will help their plants 
to grow. They are careful, however, to keep these solutions 
weak, otherwise the cell sap would be weaker than the soil 
water, and osmosis would either not take place at all, or would 
be in the wrong direction. Thus the plant would not obtain 



in SOME PLANT RELATIONS TO WATER sg 

water; it might even lose water to the soil. This, of course, 
would kill the plant in time. 

DIFFUSION IN LIQUIDS 

Expt. 37. Place a crystal of copper sulphate (or potassium per- 
manganate or any other highly coloured solid which is soluble in 
water) in a beaker of water and leave it for a time undisturbed. Note 
what happens from day to 'day. 

The copper sulphate slowly dissolves in the water, and around 
the crystal there is a solution of copper sulphate in water; but 
a short distance from the crystal there is no dissolved copper 
sulphate since the water is colourless. After a time the colour 
of the water some distance from the crystal indicates that the 
copper sulphate in solution is spreading. In a few days the 
whole of the water in the beaker shows by its colour that it 
contains dissolved copper sulphate. We say that the copper 
sulphate in solution has diffused through the liquid. This is an 
example of the diffusion of a dissolved solid in a liquid. 

Consider again the result of Experiment 26, where we had a 
sugar solution coloured with red ink separated from water by 
a membrane. We noticed that the water passed from outside 
through the membrane to the sugar solution. If we had kept 
our experiment going long enough, we should have noticed 
that in time the water outside was stained with red ink. Some 
of the sugar in solution had passed through the membrane 
to the water outside. Substances in solution will pass through 
some membranes by diffusion. A membrane which will allow 
water to pass through it by osmosis, but which prevents the 
passage of all dissolved substances by diffusion, is called a semi- 
permeable membrane. The membrane we employed in our experi- 
ment was not semi-permeable, for it allowed the slow passage 
of sugar in solution through it. 

Most animal and plant cells arc like this . All substances enter- 
ing the cells do so in solution. They could not do so if the proto- 
plasm acted as a semi-permeable membrane. They enter the 
cell because the protoplasm is never perfectly semi-permeable. 
It will allow some substances to enter and not others; in other 
words it is selective. We have seen that the membrane is 
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l8. Transverse section of a stem of monocotyledon. 



Fio. ig. Transverse and longitudinal sections of a single bundle of a 
sunflower. 
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probably the protoplasmic lining of the cell, not the cell wall. 
The latter is permeable. Dead cells will not absorb water 
by osmosis because the membrane has been destroyed. 

It is of the utmost importance to plants and animals that 
they should be able to obtain not only water but also dissolved 
substances. The root hairs of plants obtain their water by 
osmosis, and in addition they obtain some dissolved substances 
from the soil water, by diffusion. 

HOW DOES THE WATER TRAVEL IN THE PLANT? 

We have considered how water enters the root hairs, but 
what happens to it then? How does it reach the leaves of a tall 
tree? The full explanation is not known and much of that which 
is knovm is too complicated to give here. Water passes from the 
root hairs to the adjacent cells and this goes on from cell to cell 
in all directions again by osmosis. This cannot completely 
account for the rise of water from the roots to the top of a large 
plant, however, so we must look for some other explanation. 

Ezpt. 38. Gut under water a leafy stem of deadnettle, and place 
the cut end in a weak solution of red ink (or eosin). Do the same 
with a sprig of an apple tree, a 'stidc’ of celery (a very long leaf-stalk) 
(p. 19), and any other plant you choose. Those mentioned are 
known to give good results. Examine them from time to time. What 
happens? Note particularly the veins of the leaves of the dead nettle. 
Cut across the stem. Gut trough the stem longitudinally. What do 
you notice? The coloured water has risen in the plant. The water 
does not rise through the whole width of the plant, but keeps to what 
appear to be well-defined channels. Take a mounted needle and try 
to remove one of the ‘channels’. You will find this very easy with 
celery. Break the ‘channel’ up, keeping the strands as long as possible. 
Examine the teased portion under the microscope. 

These strands are called bundles. They form continuous 
channels from the root to the leaves. They have more than one 
important function to perform, but for the present we shall 
confine our attention to their function of carrying water. 

THE STRUCTURE OF THE STEM OF A PLANT 

Expt. 39. Gut a very thin transverse section of the stem of a plant. 
(Broad bean, deadnettle, or any plant that is not too woody.) You 
must use a very sharp knife, scalpel, or razor moistened with water. 
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Hold the stem firmly in the left hand and cut towards you. It needs 
pracdce, but with patience very thin sections can be cut. If the stem 
is too soft to cut, it may be held between two piecM of potato, carrot, 
or elder pith. Cut many sections and place the thinnest on a slide in ' 
a little water and examine under the microscope. Examine a second 
section which has been stained with iodine, and a third stained with 
Schulze solution. 

Espt. 30. Do the same as in Experiment sg but cut the stem 
longitudinally. This is not as easy as cutting transversely. Examine 
prepared slides. Repeat these experiments with a tulip or mont- 
breda stem. 

Figs. 18 and 19 show what to look for. The bundles are 
seen in most cases in a ring. In the tulip and montbretia they 
are distributed about the stem. Note the walls of the cells 
stained yellow by the Schulze solution. They are made of 
wood (lignified tissue). It is through the wood cells of the 
bundles that the water is conveyed. For the most part they 
have no protoplasm and are dead. Note the longitudinal 
sections. You see how long these cells are. In fact, they are 
called vessels, and have been made up of many cells, end to 
end, the transverse cell walls of which have disappeared. Note 
the thickening of the walls of the vessels. Some have spiral 
thickening, some have rings round them {annular vessels), and 
some have the thickening in the form of a net-work {reticulate 
vessels). The wood vessels, besides carrying water, act as a kind 
of skeleton to the plant, helping to support it in an upright 
position. 


THE STRUCTURE OF THE LEAF 
You perhaps noted in Experiment 28 that the veins of the 
leaf became red after the shoot had been standing in coloured 
water for some time. The veins are a continuadon of the ■ 
vascular bundles of the stem. 

Ezpt. 31. Make transverse sections of tlie leaf-stalk of a plant and 
of the leaf. You will not find this easy but you may succeed if you 
hold the leaf between pieces of elder pith. It is worth trying, for the 
sections you make yourself arc usually more convincing than prepared 
slides. Examine prepared slides as well for they will show you rm ir b 
that you have missed in your own. Note the bundles in the leaf-stalk. 
Make sure that you recognize the wood vessels in the leaf and the 
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leaf-stalk (Fig. ao). If a leaf is left to decay in a little water, some- 
times all the soft part of the leaf decays leaving the vascular system 
intact, commonly called ‘skeleton leaves’. 


Parenchyma- 


■Epidermis 
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•Olive oil 
Water 


THE TRANSPIRATION CURRENT 
Water from the soil enters the root hairs by osmosis. The 
•water then travels in the root inwards from cell to cell, again 
by osmosis, until it reaches the vascular system of the root. It 
travels along this to the vascular system of 
the stem and so to that of the leaves. Here 
it leaves the vascular system and enters the 
spaces between the cells of the spongy tissue 
where it becomes water vapour (Fig. n) 
and leaves the plant by the stomata. This 
is what happens to most of the water tahen 
in by a plant, but some of it is used by the 
plant in its chemical processes. 

We can now attempt to answer the ques- 
tion; ‘What causes the water to rise in a 
plant?’ It is partly pulled up by water 
leaving through the stomata, and water rising 
to take its place; and it is partly pushed up 
by a pressure set up in the root. That this 
pressure exists can easily be demonstrated. 

Expt. 33. Cut the stem of a vigorously growing 
plant and connect the cut end, by means 
rubber tubing, to a length of glass tubing sup- 
ported by a stick pushed into the soil of the pot (Fig. 22), Place a 
little water in the tube, and on top of this a thin layer of olive oil 
to prevent loss of water by evaporation. Note the rise of water in the 
tube, and see if there is any difference when the plant is under warm 
and cold conditions. 



Fio. aa. Root 
pressure. 


This foot pressure, as it is called, is due in part to osmotic 
pressure, but it is difficult to believe that this accounts for the 
whole of the pressure. It has never yet been satisfactorily 
explained how water is able to rise to the top of a very high 
tree. 


, WHY DOES A PLANT NEED WATER? 

I. The protoplasm of a plant consists largely of water, and 
■with the growth of the plant there is, of course, an increase in 
the Eunount of protoplasm. Therefore a plant needs water for 
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growth, which can be rapid only if there is a plentiful supply 
of water. 

a. The protoplasm is continually being broken down and 
built up again. This seems to be a part of the process of living. 
When this breaking-down and building-up stops, then life 
ceases. A plant needs water for the renewal of protoplasm. 

3. Many complex chemical processes are associated with 
the living cell, and water entera into many of these. 

4. A living cell is normally turgid with water, i.e. it is tight, 
and there is a pressure outwards on the cell wall. This turgidity 
is sometimes lost in the ordinary life processes of the cell, but if 
it cannot be maintained when necessary, the cell suffers and 
eventually dies. This applies to the plant as a whole. This loss 
of turgidity is the cause of the wilting of a leaf when the plant 
cannot obtain sufficient water for any reason. A plant needs 
water to maintain turgidity. 

5. A plant needs water for the transport of dissolved sub- 
stances in the plant. 

The Path Taken by Some of the Water from the 

Soil to the Air 
Air 

(through the stomata) 

t 

Inter-celluIar Spaces 

t 

Celia adjacent to the Vascular System 

t 

Vascular System of the Leaves 

t 

Vascular System of the Stem 

t 

Vascular System of the Root 

t 

Cells adjacent to the Root Hairs 

t 

Root Hairs 

t 

JVa/tr in the Soil 
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QUESTIONS 

I. How does a living plant lose water? Describe experiments to 
illustrate your answer. Labelled sketches of the parts of the plant 
concerned should be given. 

а. Describe experiments to show that a land plant obtains its water 
from the soil. 

3. Draw a labelled diagram of a root hair attached to a root. On 
what part of a root do root hairs occur? Name the processes by which 
(a) water enters a root hair, (b) dissolved salts enter a root hair. 

Draw a labelled diagram of a transverse section of the stem of 
any plant, Indicate the vessels aloi^ which the water passes up the 
stem. 

5, Draw a labelled diagram of a transverse section of a leaf. 
Indicate the method of escape of water from the leaf. In certain 
leaves there are differences between the upper and lower epidermis of 
a leaf. What are these differences? 

б. Draw a labelled diagram of the lower epidermis of a leaf as seen 
under the low power of a microscope. What is a stoma? How is its 
size controlled? 

7. What forces are there tending to cause water to rise in the stem 
of a plant? Describe an experiment to illustrate root pre-ssurc. 

8. State five reasons why a plant needs water. 

9. What do you understand by the terms; osmosis, impermeable 
membrane, permeable membrane, semi-permeable membrane? 

Describe the part played by osmosis in the entry of water into a 
plant. Why arc gardeners advised not to give their plants too strong 
a dressing of artificial fertilizers? 


A. How does water get from the soil into the leaves of a plant? 
How is the excess of water removed from the leaves and the removal 
controlled? Describe the various ways in which water is utilized by 
the plant. [N.J.B.] 



IV 

PRELIMINARY STUDY OF THE ATMOSPHERE 

We know that we cannot live Without air and you have 
probably realized that all land animals need air. Some of you 
may know that plants also are dependent on the air, and diat 
they would die if deprived of it for long. People who have 
greenhouses are careful to see that their plants receive suiEcient 
air. Why do plants and animals, including ourselves, need air? 
We must learn something about the air before we can attempt 
to answer this question. 

PRESSURE OF THE AIR 

We cannot see the air, and on a calm day we are usually 
unconscious of its existence. On a windy day we fed the 
pressure against our bodies. Is it a material substance? Has 
it weight? Docs it occupy space? If there is some air in a 
bottle, we usually say that the bottle is empty; but can we' put 
something dsc in the bottle without removing the air which is 
already in? If we wave a large piece of card-board about, we 
feel the air offering resistance to our efforts. All this, however, 
is rather vague, and we are not likely to obtain clear ideas, and 
knowledge of the facts, unless we make some experiments and 
so find answers to our questions. 

Expt, 34. Put an ‘empty’ bottle, neck upwards, very quickly in 
water. Note the bubbles rising. What are they? What flows into the 
bottle as the air leaves it? 

Ezpt. 35. Hold a wide-mouthed jar mouth downwards vertically 
over a deep trough of water. Slowly lower the jar into the water 
keeping the jar vertical. What do you notice about the water? Push 
the jar down until it is all under water. How much water has entered 
the jar? Why is the jar not full of water? Why has some water 
entered the jar? 

' From these two experiments we learn that air is a substance 
which occupies space, and that water cannot occupy the same 
space as the air at the same time. The air must come out of the 
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bottle before, the water can enter. It seems also, from Experi- 
ment 35, that air can be made to occupy less space than it 
does normally. 


Expt. 36. To show that air has weight. Fit a round-bottomed 
flask with a rubber stopper through which passes a piece of glass 
tubing (Fig. 23). To the end of the glass tube fix a piece of mbber 
pressure tubing with a screw dip. With the 
clip open, attach the pressure tubing to an 
exhaust pump, and draw as much air as 
possible from the flask. Close the dip and 
detach the apparatus from the pump. 
Weigh the flask which now contains very 
little air. Open the clip, thus allowing air 
to enter the flask. Note the increase in 
weight. This is due to the air which entered 
the flask when the dip was opened. 

Plan a modification of this experiment 
by which you would be able to find ap- 
proximatdy the weight of a known volume 
of air. 

Expt. 37. Obtain a ‘sucker*. This is a 
round piece of leather which has been well 
soaked in water, with a tiny hole made in 
the centre through which a piece of string 
has been drawn.- A knot prevents the string 
from being drawn right through. Press the 
‘sucker’ on to a smooth surface and pull the string, gently at first, 
but with increasing strength. 



Fig. 33. 


Why does the ‘sucker’ offer resistance to your efforts to pull 
it off? It is not the leather, nor the water, nor the smooth 
surface that is causing it to stick. None of these substances has 
the property of glue. It must be something dse. 

The air is pressing on the upper surface of the leather and 
there is no air pressing on the under surface because there is 
none there to press. There is a good contact between the smooth 
surface and the wet leather. If for any reason the air gets under, 
the ‘sucker’ can easily be pulled off, because the air under- 
neath is pressing up just as the air on top is pressing down. 
The two pressures balance, and it is just as if there were no 
pressure. 

He would be a dever person who, knowing nothing of air 
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pressure, could arrive at this explanation. We must be careful 
in these experiments not to deceive ourselves into thinking that 
we have proved the existence of air pressure. If we had not 
known something of air pressure from our ordinary experience, 
we should probably have thought of all sorts of things and never 
of air pressure. Look upon these experiments, not as proving 



beyond doubt the existence of air pressure, but as illustrating 
the fact of air pressure. 

We can buy things like cigarette ash trays which stick to the 
glass wind-screen of a car by air pressure. They are ‘suckers’, 
but are usually made of rubber so shaped that a good contact 
is made with the smooth glass surface without the aid of water. 

Expt. 38. Obtain a cylindrical tin can, preferably with a screw 
stopper. Put in a little water, and, with the stopper off, heat the water 
until it boils vigorously. The escaping steam forces all the air out of 
the can. Remove the can from the flame, and, while the steam is 
coming out of the can, screw on the stopper. Watch what happens 
while the can cools. Why do the sides bend inwards? (Fig. 34.) 

Something must be pressing from the outside, and there 
must be an absence of an equal pressure from the inside. As 
the tin and its contents cool, the steam in the can condenses 
to water and so occupies much less space. The air has already 
been driven out and no more can get in. Thus there is no air 
pressure inside but there is outside. This causes the tin to bend 
inwards. If the tin had been very strong it would have resisted 



40 PRELIMINARY STUDY OF oh. 

the outside pressure and we should not have noticed anything. 
The air cannot exert an unlimited pressure. 

A striking demonstration of air pressure was that performed 
by Otto von Guericke of Magdeburg in 1650. Two hollow 
copper hemispheres each about one foot in diameter were fitted 
together, the junction having a ring of leather, so that they 
were perfectly air-tight, yet could easily be pulled apart. Air 
was removed by a suction pump from the globe. Two teams 




Fio. as. Magdeburg hemispheres. 

each of eight horses were fastened to the hemispheres, but 
were unable to pull them apart. As soon as air was allowed to 
enter the globe, the halves came apart quite easily. 

A modern version of the apparatus is shown in Fig. 35. 

Measurement of the Pressure of the Atmosphere 
Espt. 39. Fill a strong glass tube, 36 inches long and closed at one 
end, with mercury. Place the thumb over the open end, invert the 
tube, and place the open end under mercury in a dish. Now remove 
the Ihumb, allowing a free flow of mercury between the tube and the 
dish. What happens? Measure the height of the mercury column 
(keeping the tube vertical). Can any air be above the column of 
mercury? A space which does not contain anything whatever is 
called a vacuum. The space above the mercury column is for all 
practical purposes a vacuum. It contains only a very small quantity 
of mercury vapour and a litde air. Both these are so small tliat for 
our present purpose they can be neglected. Allow the tube to tilt 
sideways. If you tilt the tube far enough the mercury will fill the 
tube but the vertical height will remain the same (Fig. a6). What 
keeps the mercury up? Allow a little air to enter from the bottom 
taking care that the whole of the mercury does not rush out. How is 
the height of the column affected by the entry of some air? Repeat 
the experiment using a wider tube. Is there any difference in the 
height of the column? 
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Find the weight of the mercury in the column as follows: Raise the 
tube which is standing with its open end under the mercury in the 
dish until the open end is almost level 
with the surface of the mercury in the 
dish. Close the open end with the 
thumb, remove the tube, and very 
carefully allow the mercury to flow in- 
to a previously weighed dish. Weigh 
on a good balance. If you weigh in 
grains (most good balances are pro- 
vided only with metric weights) con- 
vert to lb. (454 gm. = I lb.). Divide 
the weight of the mercury by the 
area of the bore. In this way you 
obtain the weight of mercury ^at is 
pressing down on one square inch. 

Repeat the experiment with the mer- 
cury from another tube of different 
bore. Your two results should be 
about the same, allowing for un- 
avoidable errors due to inaccurate measurements and weighings. 



Fio. a6. Torricelli's experiment. 


Weight of dish 
Weight of dish -f mercury 
Weight of mercury 
Diameter of the bore 


* gm. 

y » 
y-» » 

d in. 


Area of bore = 


gaXd^ 

7x4 


sq. 


in. 


Weight of mercury per sq. in. = 


(ji-x)X4X7 jj^ 
a2 X 454Xd» 


The column of mercury in the last experiment was held up 
by the pressure of the air, and this must be equal to the weight 
of the mercury. This is about 15 lb. to the square inch. 

We have seen that thfc pressure of the atmosphere can sup- 
port a column of mercury about 30 inches high. We can easily 
calculate the height of a column of water it would support. 
Mercury is about i3’6 times as heavy as water, so a column of 
water 13-6 times 30 inches will be supported. This is over 30 
feet. If we wished to perform a similar experiment with water 
instead of mercury we should need a tube about 36 feet long. 

Experiment 39 was first performed in 1642 by an Italian 
named Torricelli, a pupil of Galileo. The vacuum over the 
mercury is often called a Torricellian vacuum. 
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An arrangement very much like Torricelli’s was talcen up 
a mountain and the height of the column noted. It was found 
that the higher the instrument was taken up the mountain the 
lower down the tube was the mercury 
level. This experiment shows that atmo- 
spheric pressure decreases as the height 
above the surface of the earth increases. 
We know that air can be compressed, and 
it is reasonable to suppose that the air 
at the surface of the earth is compressed 
by the weight of all the air on top of it. 
If you fiUed a room from floor to ceiling 
with cotton wool thrown in anyhow, 
and not specially packed, you would find 
that the cotton wool at the bottom would 
be more compressed than that at the 
top. If you cut out a cubic foot of the 
cotton wool at the bottom and weighed 
it, you would find that it weighed more 
than a cubic foot taken from the top. 
We live at the bottom of an ocean of air. 
At the bottom it is dense, but it gradually 
will support a colu™ of decreases in density from the bottom 
mercury 30 uu. g . upwards, until finally it becomes so rare 
that it is impossible to tell whether there is any air present or 
not. Outer space is regarded as a vacuum. 
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Fio. 27. The pressure 
of the air (at searlevel) 


THE BAROMETER 

This is an instrument used for measuring the pressure of the 
atmosphere. There are many kinds, but most use Torricelli’s 
principle. Fig. 27 illustrates a very common type of barometer. 
The height of the mercury is read (either in inches or centi- 
metres) on the scale fixed behind the long tube of mercury. 
Fig. 28 shows another type in which the height of the column 
is registered on a dial. This type is not very accurate and the 
mechanism is liable to stick and often needs tapping before the 
needle will point to the correct height. Instruments of this 
type are often seen in the halls of houses, and usually suffer 
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from too much tapping. In addition to the scale to show the 
height of the mercury column there are such 
phrases as ‘Rain’, ‘Change’, ‘Dry’, ‘Fair’, ‘Very 
Dry’. The implication is that at a certain 
height of the mercury column a certain type 
of weather will be experienced. Even the most 
casual observation will show that this is not 
true. The weather does not depend on the 
atmospheric pressure alone. Temperature and 
other factors also enter into it. The prediction 
of the kind of weather is very difficult, and 
cannot be reliable without an immense amount 
of information about weather conditions over a 
wide area (Gh. XXX) . Nevertheless, it is true 
that when there is a rise of the barometer, as it 
is called, fine or calm weather is more likely 
than not; and when there is a fall of the baro- 
meter, rain or wind or both may reasonably be 
expected . The speed of the change is important, 
a slow steady rise being more favourable for 
fine weather than a quick rise. It is amusing 
and instructive to keep for a year records of the 
barometric pressure and the weather. The 
readings should be made daily at the same 
time. A chart like the one below might be 3710.28 Amer- 
used for keeping the record. Another con- cury barometer 
venient way of keeping a record of the baro- used as a weather 
meter readings is to draw a graph. Blass. 

WEATHER CHART 

Place Month Tear Time of Reading 

Official 
forecast 
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THE ANEROID BAROMETER 
Another type of barometer is the aneroid. In this no mercury 
or other liqmd is used (Fig. ag). A thin metal box, exhausted 
of air, is the essential part of the instrument. When the atmo- 
spheric pressure changes, the sides of the box go in or come out 
according to the nature of the change. These movements are 
registered on a scale by means of a pointer. Aneroid baro- 



meters are graduated by comparing them with a mercury 
barometer. The ordinary cheap aneroid barometer is not 
accurate, but some very good instruments are made on this 
principle. They are often very small and can easily be carried 
by climbers to give them some idea of the height they have 
reached. Some arc used in aeroplanes for this purpose. They 
are called altimeters (Fig. 30). These instruments must not be 
relied on for great accuracy even if they register the correct 
atmospheric pressure, because other factors besides height 
affect the pressure of the atmosphere. 

The pressure at any height depends partly on the pressure 
at sea-level vertically below it. If’ the pilot of an aeroplane 
regulates his altimeter when he takes off it will not necessarily 
read correctly when he wants to land at the same landing- 
ground because the pressure at sea-level may now be different. 
Even for such a small increase of pressure as 0*3 inch at the 
surface the altimeter reads almost 300 feet too high. If the 
pilot wishes to land at another place the pressure at the surface 
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might be different from that at his starting-point and his 
altimeter would not read correctly. It is very important for a 
pilot to know his exact height especially when the visibility is 
poor. He usually asks by radio for the ground pressure before 
he lands, and corrects his altimeter accordingly. 

A very approximate estimate of the height of a mountain 
may be made by assuming that for every goo feet rise there is 
a fall of I inch in the barometer reading. This can be only 
approximately true for small 
heights, because the fall in the 
pressure is not uniform. The 
pressure of the atmosphere de- 
pends on the weight of the air 
above the point of observation, 
and, as air is compressible, the 
density of the air decreases as the 
height increases. At 18,000 feet 
the pressure is about 15 inches, 
roughly half what it is at sea- 
level. 

If the pressure, temperature, ^ 

and amount of moisture in the 

air are known at the foot of a mountain, it is possible by the use 
of a complicated formula, to make a more accurate estimate of 
the height of a mountain. 

So far, we have measured the pressure of ^e atmosphere by 
saying how many inches of a vertical column of mercury it will 
support. This measure is still commonly used, but a more 
useful standard, and one that is becoming more widely used, is 
the millibar (mb). This is the unit of pressure in the Centi- 
mctre-Gram-Second System. 1000 mb is the pressure of a 
column of mercury 29-531 inches long. Many barometers arc 
now graduated in millibars. 



APPLICATIONS OF AIR PRESSURE 
I. The bicycle pump 

Fig. 31 is a diagram of a bicycle pump. Note the washer at 
the end of the piston rod. It is kept greased. Note its shape. 



Fie. 31. The bicycle pump. 


Fio. 32. A self-filling fountain-pen. 



When the piston is withdrawn, air enters normally from the 
top, getting in front of the washer by passing between it and 
the side of the pump. The shape of the washer allows this to 
happen. When the pump is attached to a valve for the purpose 
of blowing up a tyre, air cannot enter by any other means than 
the one described; but when the pump is unattached, air enters 
through the hole which is usually the exit. It is only in the 
intake of air that atmospheric pressure comes into play. 

z. The self-filling fountain-pen 

Fig. 32 illustrates how such a pen is constructed. The ink 
reservoir is an india-rubber bag. When there is no ink in the 
reservoir it contains air. Against the rubber bag is a strip of 



IV THE ATMOSPHERE 47 

metal attached to a lever. When the latter is operated the 
metal presses against the bag forcing out most of the air. When 
the lever is moved the other way the bag resumes its shape 
because it is elastic. This reduces the pressure in the bag, and 
if the nib is in the ink the latter flows in to take the place of the 
expelled air. The pressure of the air on the 
surface of the ink outside the bag forces the 
ink to enter. 

3. The garden syringe 

Syringes, large and small, are used for many 
purposes. They all work on the same principle. 

We shall consider the garden syringe (Fig. 33). 

Expt. 40. Examine a garden syringe and take it 
to pieces. Compare what you find with the figure. 

The syringe is placed in the water with the 
piston at its lowest position. On pulling the 
piston up the barrel, water enters through 
the perforations. The air pressure on the sur- 
face of the water forces the water to enter the 
barrel where there is no downward pressure 
except perhaps a little from a small volume 
of air Irft in. When the syringe is removed 
from the water and the piston pushed down, 
the water is forced out of the barrel and in gg, ^ garden 
passing through the perforations becomes a syringe, 
fine spray. 

4. The lift-pump (suction pump) 

This is shown in cross-section in Fig. 34. An air-tight plunger 
moves in a cylinder. The plunger is operated by a rod moved 
by a lever. A pipe leads from the bottom of the cylinder to the 
water at the bottom of the well. There is a valve at thejunction 
of the pipe and cylinder, and another valve in the plunger. 
When the pump is started for the first time there will be no 
water in the pipe or cylinder. On the first up-stroke the 
plunger valve closes and the cylinder valve opens 

{Why?). The pressure of the atmosphere on the surface of the 
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water in the well is now greater than the pressure in the pipe. 
Water is forced up the pipe and some of it enters the cylinder. 
On the first down-stroke the plunger valve opens ( Why?), and 
the cylinder valve closes Water passes through the 

plunger valve. On the second up-stroke, the plunger valve 



Fio. 34. The lift pump. Fro. 35. Force pump with air com- 

pression chamber to give a continuous 
flow of water. 


closes (Why?), and the cylinder valve opens ( Wf^?). Water is 
lifted by the plunger and flows out through the spout, while at 
the same time more water is forced from the well into the pipe 
and cylinder. The water is raised by atmospheric pressure up 
to the top of the stroke of the plunger. From there it is lifted 
to the spout. The atmospheric pressure will support a column 
of water nearly 34 feet high, and theoretically it is possible to 
have a pump with the plunger at the top of its stroke nearly 
34 feet above the surface of the water. In practice, however, 
owing to the plunger not being a perfect fit, and to other 
imperfections in the pump, the height seldom exceeds ay feet. 
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5, The force pump 

In this pump there is no valve in the plunger, but there is 
one leading from the cylinder to the exit pipe. On the first 
up-stroke the exit valve closes {Why?), and the cylinder valve 
opens {Wly?). Water enters the cylinder (Why?). On the 
first down-stroke the cylinder valve closes (Why.^), and the 
exit valve opens (W^.^). Water is forced into the exit pipe. 
With this pump the water can be forced to a height depending 
on the strength of the pump. The supply of water, however, 
is intermittent, the water being delivered on the down-strokes 
only. Modem force pumps are made so that a steady flow of 
water is obtained. This is done by arranging an air chamber 
in connexion with the exit pipe. Fig. 35 illustrates the principle. 
The water is forced past the exit valve and this compresses the 
air in the chamber. On the up-stroke the compressed air 
forces some water out of the exit pipe. 

6. Fire-engine pumps 

It is sometimes necessary in case of fire to force water to the 
top of a high building. In the Great Fire of London, 1666, the 
only known fire engine was a brass hand squirt 30 inches long. 
It was worked by three men, two of whom held it by the sides 
while the third drew in the water from a leather bucket. 
The squirt was then pointed towards the fire by the two men 
while the third squirted the water as best he could. It was, of 
course, totally inadequate. Many modern fire engines are 
pumped by a petrol motor. One type, of 50 h.p., can pump 
350 gallons per minute; . another, of 75 h.p., can deliver 600 
gallons per minute. The object is to reach as great a distance 
as possible with an unbroken stream of water. A long hose 
enables the water to be taken as near as possible to the fire 
before issuing from the nozzle, but the resistance offered to the 
water in passing through the hose seriously reduces the pressure 
of the water and limits the distance through which the water 
can be forced. Some modern fire engines use a hose from 500 
to 600 yards long. 
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Oh. 

THE COMPOSITION OF THE AIR 

We know that the air is a gas exerting a pressure of about 
15 lb. to the square inch in all directions. What is the nature 
of this gas? Is it one gas or is it a mixture of gases? If so, how 
many? And what are the properties of these gases? We shall 
begin to study the composition of the air by trying to find out 
what changes take place when substances burn in the air. It 
was only when men began to study burning that they were able 
to discover the nature of the air. From early times men must 
have noticed that air had some connexion with burning. 
Unless a fire has air it will go out; and if air is forced into a fire 
it will burn more vigorously. We shall then consider burning 
in the hope of learning something about the composition of 
the air. 


ELEMENTS 

We must start by burning simple substances, and at present 
you do not know which substances arc simple and which are 
complex. There are a number of substances which have not 
been split up by purely chcmic2d means. Such substances are 
called elements. An element is a substance which so far has not 
been split up into anything simpler. The chemist has reason 
for believing that these substances are incapable of further 
decomposition. They are supposed to be true simple substances. 
Sulphur is a common element. If anyone asks what sulphur 
is, it is impossible to answer him. We can describe sulphur to 
him, but we cannot tell him of what sulphur is made. It is 
simply made of sulphur. Carbon, an impure form of which is 
charcoal, is another element, and so is copper. The elements 
can be divided into two classes — metals and non-metals. No 
doubt you. have a rough idea of what a metal is. We shall 
have to study the differences between metals and non-metals 
later. 
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The Behavtoub. of Some Elements when Heated 
IN THE Air 

X, Magnesium 

Ezpt. 41. Examine a_ piece of magnesium ribbon. Describe its 
appearance. Scrape it wiA a knife. It is a silvery, white substance. 
Hold one end of the ribbon in the tongs and put the other end in the 
bunsen flame. What happens? Withdraw the magnesium from the 
flame when it is alight. Describe the Ught. What is left? It is some- 
times called the calx of magnesium. 

Where has the calx come from? Remember it cannot be a 
simpler substance than the magnesium, because the latter is an 
element. We must leave the problem of the composition of the 
calx for a short time. 

at. Copper 

Expt. 43. Use copper foil (very thin sheet copper). Note again the 
metallic lustre and the colour. Hold it in the bunsen flame with the 
tonga. Does it take fire as did the magnesium? Keep it in the flame 
and note the colour changes. Take it out of the flame and watch the 
colour change as it cools. What colour is it now? Scrape it with a 
penknife and note_ the copper beneath the black film. Perhaps you 
noticed this film flickering about in the flame when you were heating 
it. After scraping off as much of the black substance as possible, heat 
the copper again. Note that the black film re-forms. Scrape it 
again and re-heat. Continue to do this' until nearly all the copper 
has disappeared. 

The black substance was copper calx. Unlike the calx of 
magnesium, it formed a protective film on the copper which 
prevented the rest of the copper from being changed into the 
calx. 

3. Lead 

Expt. 43. Put a litde lead foil on a crucible lid and heat it. 'What 
happens? After it has melted stir it about with a glass rod. Does the 
lead disappear? What appears in its place? Note the colours of the 
substances formed. Lead cabc is yellow, but sometimes there is a 
little red, orange, grey, and green, 

4. Sulphur 
Expt. 44. Put a 

an element, but not k rneM-ltfdoldithkiapiicmlie duE 
carefully and describs ] 
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There is much to see. The sulphur first melts into ayeUow 
liquid which quickly changes to a red-brown liquid. (Some- 
tiL when heated in this way it changes to the red-brown 
liquid without first becoimng yeUow.) ^n takes foe, 
bmning with a blue flame, and giving off choking Ws which 
should be avoided after cautiously smelling them. There is no 
cabc left. The term cabc is reserved for the substance left ivhen 
a metal burns in the air, As far as we can see there is nothmg 
left but our sense of smell tells us that there is something in 
the hir which may be the result of burning the sulphur. 


5. Carbon 

Expt. 45* Put some cliarcoal on .a crucible lid. 
impure form of the element carbon (a non-metal), 
happens when it is heated. 


Charcoal is an 
Describe what 


The charcoal becomes red hot but does not burst into flame. 
It finally disappears except for a very light ash. This is the 
impurity in the carbon. If you performed the experiment wth 
a pure form of carbon, such as lamp-black, no ash would be 
left. We can say then that when carbon is heated in the air it 
disappears, so far as we can see. There is not even a smell. 

Let us consider these results. We have heated five elements 
in the air and all have behaved differently in some respects. 
In the first three there was a solid substance left. In the case 
of sulphur we suspect that there was a gas formed because of 
the smell. In the case of carbon we have no reason to suspect 
that anything solid or gaseous was left. On the other hand it 
is possible that a colourless and odourless gas was given off. 

Let us first deal with the substance that was obtained when 
magnesium was heated in the air. It was a white powder. 
Of what does it consist? It does not look like magnesium and 
is not magnesium as we know it. We know, however, that 
magnesium must have something to do with its composition 
because it was made from that metal. When other metals 
were used the substances obtained looked nothing like mag- 
nesium calx. Has the air anything to do with its composition? 
We can test this by heating some magnesium in the absence 


of air. 
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Ezpt. 46. Put a spiral of magnesium ribbon in a hard glass tube 
with a tap at each end as shown in Fig. 36. Eidiaust the tube of air 
by means of an exhaust pump. Heat with a Ramsay burner (shown 
in the diagram). Heat gently at firat and increase the heat gradually 
otherwise the tube may crack. What happens? Probably you will 
see some sparks and a little of the magnesium burning for a short 
time, but the bulk of the metal will just become red hot and will not 
take fire. No calx, or only a very little, will be formed. Now open 
both taps and allow air to enter. What happens? Close both taps 
again. Does the magnesium continue to burn? 



Fio. 36. Magnesium heated in the absence of air. 

From this experiment it is clear that magnesium will not 
bum in the absence of air, and it will bum when air is present. 
The reason it burned a little when the tube was exhausted of 
air was that the tube cannot be completely deprived of air in 
this manner. When the air was prevented from entering while 
the magnesium was burning, the magnesium soon stopped 
burning. As magnesium calx cannot be formed in the absence 
of air, we may conclude that the air has something to do with 
its composition. 

You can heat lead, copper, and carbon in the absence of air 
very simply by burying them in fine sand tightly packed in 
cmcibles. (Under these conditions there is not enough air 
present to affect the experiment.) The cmcibles are then 
heated. You will find that the lead melts but forms no calx; 
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the copper also forms no calx, and the carbon is unchanged. 
Air seems to be necessary for burning, and a metal does not 
form its cabc in the absence of air. 

We still do not know what magnesium calx is. When the 
lYia gni-Bi' iiTTi changed into a calx, did it gain or lose anything? 
It is difScult to believe that it lost anything, because magnesium 
is an element, and the calx, whatever it is, cannot be simpler 
than magnesium. The way to find out if magnesium changes 
in weight when heated in the air is to weigh the substance 
before and after burning. 

Expt. 47. Does magnesium Increase in weight when heated 
in the air? Weigh a crucible and lid. Place in it some magnesium 
ribbon cut into small pieces. Weigh the crucible, lid, and magnesium. 
Place the crucible covered with its lid on a pipe-clay triangle resting 
on a tripod. Heat, gently at first, but gradually more strongly untfi 
the crucible is as hot as the fiame can make it. Using the tongs, raise 
the lid for as short a time as possible to see if the magnesium is 
burning. You will find that as you raise the lid the magnesium 
burns, because air enters. Occasionally raise the Ud very quickly, but 
as far as possible prevent the loss of smoke, which is really magnesium 
cabc. When all the magnesium appears to have been changed to calx, 
remove the lid altogeAer and continue to heat strongly for about 
five minutes with the air free to enter the crucible. , Cool (gently, or 
the crucible may crack) and weigh. Complete a table of results as 
follows: . 

Weight of crucible-l-lid ...... gm. 

Weight of cruciblc-j-Ud-|-magnesium ... „ 

Weight of cnicible-|-lid-j- magnesium cabc . . „ 

Gain (or loss) in weight ...... „ 

There is a gain in weight. Where does this extra matter 
come from? We know that magnesium will not burn without 
air, and that it gains in weight when heated in the air. Does 
the magnesium take something from the air to form a cabc? To 
answer this question must be the object of our next experi- 
ment. 

Expt. 48. Stand a graduated bell^jar in a trough of water (Fig. 37). 
To the stopper of the bell-jar fasten a spiral of magnesium. Heat the 
latter in a flame until it takes fire, then put the stopper on the bell- 
jar and allow the magnesium to burn inside. Note what happens to 
the level of the water in the bell-jar. At first the water level falls 
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because the air in the jar is heated and expands. When all is cool, 
note the level of the water in the bell-jar and compare it with the 
level outside. The water in the bell-jar rises and consequently the 
level outside falls a little. This, however, is a very small amount if 
the amount of water in the trough is large compart with that in the 
bell-jar. 

What caused the water to enter the bell-jar? There must 
have been a reduction of pressure inside and the air pressure out* 



Fio. 37. The burning of magnesium in a 
bcU-jar. 


side caused the water to enter. The volume of the magnesium 
and calx can be neglected, for it is very small compared with 
that of the air in the bell-jar. The water rises about one-fifth 
of the height of the bell-jar above the level of the water outside. 
There is some magnesium left unburned. This means that the 
fiame did not go out for lack of magnesium, but for lack of air. 
Yet there is still some air in the bell-jar. How can we account 
for this? Evidently the air that is left in the jar will not allow 
magnesium to burn in it, but ordinary air will. The air left in 
the bell-jar must be different from ordinary air. There must be 
a part of the air that helps magnesium to burn, and another 
part that wiU not let magnesium burn in it. Test the air in the 
jar with a lighted taper. It is put out. 


( 56 ) 


OH. 

COMPOSITION OF THE AIR 

Some elements bmn in air, others do not. Those which do, 
behave like magnesium. They use up part of the air in burning 
and form a new substance. In the case of a metal this is called 
the calx. The new substance formed in the case of sulphur is 
a colourless gasj in the case of carbon it is a colourless and 
odourless gas. It seems then that the air consists of two parts, 
one that helps burning and is used up in the process, and one 
that does not help burning. The gas that helps burning is 
called oxygen. The part that does not help burning consists 
largely of a gas called nitrogen. There are traces of a few other 
gases as well, one of them, though present in very small 
quantities, being of the utmost importance to living organisms. 
About one-iifth of the volume of the air is oxygen and the other 
four-fifths largely nitrogen. The experiment we performed 
with the bell-jar was not exact enough to show this volumetric 
composition, but the result indicate that proportion. Accu- 
rate experiments have been made to find the composition of 
the air by volume, and it is found that its composition varied 
very slightly from time to time, and from place to place. 

Expt. 48a. To find the proportion of oxygen in the air. 

Pour a solution of pyrogallic acid (pyrogallol) into the bottom of 
a long graduated tube. Quickly drop in a pellet of caustic potash to 
make it alkaline and insert a rubber stopper. The solution absorbs 
oxygen and turns brown. Shake up the solution for a few minutes 
and then remove the stopper while the end is under water. (See that 
the levels of the liquid are the same.) Water enters the tube taking 
the place of the oxygen absorbed. Measure this volume and compare 
it with the original volume of air in the tube. (Actually the very sinall 
amount of carbon dioxide in the air is absorbed, see p. 74.) 

W e shall return to the composition of the air later ( Gh. XLV) . 

COMPOSITION OF THE AIR 
(A mixture of gases) 


Active Air Inaotivb Air 

About J of the whole volume About ^ of the whole volume 

OxYOEH . Nitrogen and small quantities 

of other gases. 
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MIXTURES AND COMPOUNDS 

We know what an element is, and it is clear that magnesium 
calx cannot be an element, because it is not a simple substance 
but consists of a combination of magnesium and oxygen. The 
properties of the calx are quite different from those of either 
magnesium or oxygen. No one seeing magnesium calx would 
suspect from its appearance that it was partly made up of the 
sUvery-white metal magnesium, much less would they suspect 
that oxygen, a colourless, odourless gas, was part of its composi- 
tion. Such a substance is called a compound. It is not merely a 
mixture of substances j the substances are combined and the result 
is a substance qvdte different firom either of the constituents. 
The differences between compounds and mixtures are very 
important and it will be impossible to understand any further 
chemistry unless the nature of a compound is understood. Let 
us take another example and try to make the subject clear. 

Expt. 49* Mix sonm iron filings and some powdered sulphur. 

You have now a mixture of iron filings and sulphur. You 
can still see the particles of iron and sulphur. The colour of the 
mixture is intermediate between the colour of iron filings and 
sulphur. You can separate the constituents quite easily as we 
did in Experiment 9 by dissolving the sulphur in carbon 
disulphide in which the iron is insoluble; or, by drawing a 
magnet through the mixture, when the iron will cling to the 
magnet and the sulphur will be left behind; or, by placing 
the mixture in water so that the sulphur will float while the 
denser iron sinks to the bottom. 

How much iron is present compared with the amount of 
sulphur? A pound of one mixed with (say) seven pounds of 
the other would be called a mixture, but so would any other 
proportion. 

Expt. 50. Put the mixture of iron filings and sulphur in a crucible 
without a lid and heat. When the mass begins to glow brightly 
remove the flame. The action will continue, heat being given out. 
When the mass is cool, remove it from the crucible and examine it. 

It is a grey mass not like iron or sulphur. You cannot now 
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see particles of the constituents present. You cannot separate 
the iron from the sulphur by a magnet, or by dissolving out the 
sulphur in carbon disulphide, or by sedimentation in water. 
The new substance, which is called iron sulphide, has proper- 
ties different from those of either of its constituents and different 
from those of a mixture of its constituents. When formed, heat 
was evolved, and this was not so when iron and sulphur were 
simply mixed. In iron sulphide the constituents are combined 
in a definite proportion. The experiment just performed does 
not prove this, but it can be proved. The iron sulphide is a 
compound of iron and sulphur and not a mixture. A compound 
of an element with sulphur is called a sulphide ; a compound of 
an element with oxygen is called an oxidei The modern name 
for magnesium calx is magnesium oxide. All calces are oxides. 

A mixture (the constituents of which may be in any propor- 
tion) may consist of elements alone, or elements mixed with 
compounds, or compounds alone. No heat is formed when 
mixtures are made, and they are usually easily separated by 
mechanical means. When a compound is formed or decom- 
posed, a chemical action t£ikes place and this is accompanied 
by a gain or loss of heat which is usually, but not always, 
obvious. 

MATTER 

L 


SiMPiJs ' Complex 

Elements | 


Muciures Compounds 


Of elements Of compounds Of elements and 

compounds 


OXYGEN 

We must now study individually the gases which are found 
in the air. When some compounds are heated they decompose 
and give off oxygen. This gas was first obtained in this way by 
Priestley (i774)- He directed the rays of the sun by means of 
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a ‘burning glass’ on to some red calx of mercury. We now know 
this substance to be mercuric oxide, that is, a compound of the 
elements mercury and oxygen. 

Expt. 51 • Heat strongly a little mercuric oxide in a hard glass 
test-tube. Note the change in colour. What do you notice on the 
sides of the test-tube? Put a glowing splint of wood into the mouth 
of the test-tube. What happens to the glowing splint? Does anything 
happen to the gas which is coining off? How do you know a gas is 
beu^ evolved? Does the mercuric oxide finally disappear? What is 
left in the test-tube? Pour it out on to a piece of paper and examine it. 

When mercuric oxide is heated it decomposes into mercury 
and oxygen. 

Mercuric oxide = Mercury -[-Oxygen. 

Not many oxides evolve oxygen on heating. Magnesium 
oxide does not. Some metals form more than one oxide, e.g. 
brown lead peroxide contains more oxygen than the yellow 
lead monoxide. On heating, lead peroxide yields oxygen and 
lead monoxide. Manganese dioxide also yields oxygen but 
only when very strongly heated. 

There are some other compounds, not oxides, but rich in 
oxygen which yield oxygen on heating, e.g. potassium per- 
manganate, potassium chlorate, and potassium nitrate. 

Expt. 53. Gently heat a few potassium permanganate crystals in 
a hard glass test-tube. Test mth a glowing splint for the evolution of 
oxygen. 

Expt. 53. Crush some potassium chlorate into a powder and heat 
it in a hard glass test-tube. What happens to the powder at first? 
What happens on further heating? How do you know a gas is being 
evolved? Test for oxygen with a glowing splint. When no more 
oxygen comes off allow the liquid in the test-tube to cool. What does 
it look like? Compare it with the potassium chlorate with which you 
started. The substance left is called potassium chloride. 

Potassium chlorate = Potassium chloride -[-Oxygen. 

Potassium chlorate is a compound of three elements, potas- 
sium, a metal, chlorine, a green gas, and oxygen. Potassium 
chloride is a compound of only two elements. The termination 
-ide indicates in chemistry a binary compound (that is, a compound 
of two elements). The two elements in potassium chloride are 
potassium and chlorine. 



6o PRELIMINARY STUDY OF oh. 

It is found that when potassium chlorate and manganese 
dioxide arc mixed together, the mixture when heated evolves 
oxygen at a temperature much lower than that at which 
eithtt of the constituents evolves the gas. When the action is 
completed, the potassium chlorate has changed to potassium 
chloride, but the manganese dioxide is the same at the end of 
the action as it was at the beginning. All the oxygen comes 
from the potassium chlorate and none from the manganese 



dioxide. In some way which is not fully understood, the 
manganese dioxide causes the potassium chlorate to give off 
oxygen at a much lower temperature. A substance which 
causes a chemical action to take place at a quicker rate or at a 
lower temperature than it otherwise would do is called a 
catalyst. The process is called catalysis. At the end of the action 
the catalyst remains unchanged. 

THE PREPARATION OF OXYGEN 

Espt. 54. Mix some powdered potassium chlorate with a third of 
its weight of manganese dioxide. (Never grind up potassium chlorate 
with another substance, as an explosion may occur.) Put the mixture 
in a hard glass boiling tube. Arange the apparatus as in Fig. 38. 
The boiling tube should slope slightly towards the mouth, and then 
any moisture formed will flow towards the cooler part of the tube and 
so avoid cracking it. Arrange the delivery tube to pass under a bee- 
hive shelf standing in water in a pneumatic trough. On the bee-hive 
shelf stand an inverted gas-jar ftdl of water. To do this, fill the gas- 
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jar with water and put on the lid. Keep the lid on with one hand 
and invert the jar with the other. Place the mouth of the jar under 
water in the pneumatic trough and then remove the lid. The water 
will not now come out. Stand the jar on the bee-hive shelf. Heat 
the boiling tube. Soon bubbles of gas appear in the gas-jar. The 
oxygen formed in the tube passes through the delivery tube and into 
the water under the bee-hive shelf. There it is directed into the gas- 
jar, the water in which is forced down. At first air comes into the 
gas-jar and not oxygen, because there was air in the apparatus before 
oxygen was evolved. Soon all the gas that enters the jar is oxygen. 
When one jar is full of the gas, replace the lid, under water, and put 
another inverted jar over the bee-hive shelf. Thb second jar should 
be standing on the bottom of the pneumatic trough ready for use. 
If a jar of Ae gas free from air is required, use the second jar and not 
the first. This method of collecting a gas is called collecting over 
water. 


THE PROPERTIES OF OXYGEN 


We have already learned some of the properties of the gas 
during the preparation and collection. 

It is a colourless, odourless gas. If it 
is soluble in water at all, it is only 
slightly so, otherwise we could not 


collect it over water. We also know 
that it relights a glowing splint and 
does not itself take fire like coal gas. 

Let us see what happens when we burn 
some elements in oxygen. 

Ezpt. 55. Place a little sulphur in a 
deflagrating sppon and hold it in the bun- 
sen flame until it is alight. Now place it in 
ajar of oxygen (Fig. 39). What happens? 

How does this differ from sulphur burning 
in air? Remove the spoon; pour a little 
water into the jar; replace the lid and shake, 
litmus solution. It turns red. 


spoon 


Fio, 39. Sulphur burning 
in ajar of oxygen. 

Add a little blue 


This is because an acid is now present. When an acid is 
added to blue litmus solution tbe latter turns red. Leaving for 
the present the question of what an acid is, let us consider what 
happened in our experiment. The sulphur combined with 
oxygen to form an oxide, and a considerable amount of heat 
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was evolved in the process. The oxide formed is called sulphur 
dioxide. (We shall see later why we call some oxides di-oxidcs.) 
When the sulphur dioxide was shaken with water some of it 
^-nTwViinfd wth the watcT to form sulphurous acid. 

(i) Sulphur+Oxygen = Sulphur dioxide. 

(a) Sulphur dioxide+Water = Sulphurous acid. 

Expt. 56. Put some carbon in a deflagrating spoon and heat it 
until it glows red. Place it in a jar of oxygen. Compare what happens 
with the burning of carbon in air. Remove the deflagrating spoon; 
add a little water to the jar, replace the lid, and shake. Add htmus 
‘Solution. It is turned red. How does the colour compare with that 
in the previous experiment? 

(1) Carbon+Oxygen = carbon dioxide. 

(2) Carbon dioxide+Water = carbonic acid. 

Ezpt. 57. Sum some more carbon in oxygen to obtain carbon 
dioxide. Add lime-water and shake. 

The lime-water turns milky. We may use this as a test for 
carbon dioxide. 

When the English chemist Priestley discovered the gas 
which we now know as oxygen, he informed a famous French 
chemist, Lavoisier, of his discovery. Lavoisier proved that 
the gas Priestley had obtained from red calx of mercury was a 
constituent of the atmosphere. He heated mercury for some 
days in the presence of air, using an apparatus by which he 
could observe what frtiction of the air was used up (Fig. 40). 
He obtained a red powder and noticed that some of the air had 
disappeared. He measured thevolumeofthe air lost. He now 
heated the red powder and recovered the mercury. In addition 
he obtained some of Priestley’s gas, the volume of which was 
equal to the volume of the air lost. He concluded that the 
mercury had combined with some gas from the air to form red 
calx of mercury, and then, on heating, the calx had evolved the 
gas again. Priestley’s gas must therefore be a constituent of 
the air. 

Lavoisier burned sulphur, carbon, and other non-metals in 
this gas and dissolved the compounds thus formed in water. 
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He found that in each case an acid was formed. He also found 
that this gas was a constituent of many other acids. He thought 
this new gas was an essential constituent of all acids, so he called 
the gas 0}^-gen, which conies finm two Greek words meaning 
‘acid maker’. Since Lavoisier’s time we have found that some 
acids have no oxygen in their composition. The gas now called 
oxygen is badly named, but the name has not been altered 



because so many people have got used to it. It does, however, 
serve to remind us that the oxides of some non-metals when 
combined with water form acids. Such oxides are appropri- 
ately called acidic oxides. 

So far we have burned only non-metals in oxygen; let us now 
burn a metal in that gas. 

Expt. 58. Fasten a spiral of magnesium ribbon to a deflagrating 
spoon. Light it at the bunsen flame and place it in a jar of oxygen. 
Compare what happens with the burning of magnesium in air. 
Examine the substance left in the jar. It is magnesium oxide. Shake 
it up with water. It does not appear to, have dissolved, but a little 
may have done so. Divide the water in which the oxide has been 
shaken into two parts. To one part add blue litmus solution; to the 
other add reddened litmus solution. (Made by adding a drop of acid 
to blue litmus soludon.) Compare what happens with what happened 
with a non-metallic oxide. 
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The red litmus turned blue. We have not obtained an acid 
this time, but something which has the opposite effect on 
litmus. Such a substance is called an alkali. We must leave till 
later the question of what is meant by an alkali . For the present 
we can think of it as having properties which are the opposite 
of those of an acid. ■ 

The properties of oxygen arc as follows; 

It is a colourless, odourless gas. 

It is slighdy soluble in water (4 c.c. of oxygen dissolve in 1 00 
c.c. of water), but not so soluble as to prevent its collection 
over water. 

It does not burn. 

It relights a glowing splint. Substances burn in it much 
more readily than they do in air. 

Non-met2illic elements which burn in oxygen form oxides 
which with water form acids. 

Metals which burn in oxygen form oxides some of which form 
alkalis with water. 

OXIDATION AND COMBUSTION 

When an element combines with oxygen it is said to be 
oxidized. Oxidation is the combining of oxygen with an element 
or compound (p. 153). When a substance burns in oxygen or 
air, either it is oxidized completely, or some of its constituents 
are oxidized, the others not being affected. Burning is oxida- 
tion. When a fire is burning in a room, the carbon in the coal 
is being oxidized to form carbon dioxide, and the other con- 
stituents of the coal are being oxidized to form other sub- 
stances. When burning takes place heat is evolved. All chemical 
actions are accompanied by a gain or loss of heat. When 
oxidation takes place heat is evolved, but the process may take 
place so slowly that ordinary observation would not detect 
any rise in temperature, but heat is being given out neverthe- 
less. Delicate methods of measuring heat have proved this. 
The term burning is used for oxidation when • there is an 
obvious evolution of heat. The term combustion includes this, 
and also slow oxidation, when the evolution -of heat is by 
no means obvious. This is called slow combustion. The term 
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‘combustion’ is also often used for any chemical action accom- 
panied by heat and light. Light often accompanies oxidation. 
This occurs when the heat evolved is sufficient to raise the 
temperature of the body or the products of the combustion to 
the point at which light is emitted. It spmetimes occurs with 
little or no heat. 

THE RUSTING OF IRON 
The rusting of iron is of great practical importance, but it is 


of calcium chloriik 
sulphuric add) 

Fio. A desiccator. 

also interesting because it helps us to understand slow com- 
bustion or oxidation. We know from experience that iron 
rusts if left long enough in the open air, and that it rusts much 
more quickly in damp weather. It is clear that water must 
have something to do with rusting, but has air? To make 
things clearer let us try to find answers to the following 
questions by means of experiments; 

I. Does iron rust in air free ftom water vapour? 

S. Does iron rust in air containing water vapour? 

3. Does iron rust in water free from air? 

4. Does iron rust in water containing dissolved air? 

Expt. 59. Does iron rust in air free from water vapour? 

Wash some iron filings in ether to free them from the pil with which 
they are usually contaminated. Put some of the filings in a dish 
which should then be placed in a desiccator (Fig. 41) . Put some more 
of the filings in another dish left exposed to the ordinary air, which 
contains moisture. 

A desiccator is a vessel of two communicating compartments, 
4601 



F 




66 


PRELIMINARY STUDY OF ch. 

one of which contains a substance such as concentrated sul- 
phuric acid or calcium chloride. These substances have the 
property of taking moisture fiom the air. When one of these 
substances is placed in the bottom compairtment of a desiccator 
and the ground glass lid is put on, the air in the upper compart- 
ment becomes dry in a short time. It remains dry so long 
as the air-tight lid is kept on. If any substance containing 
moisture is placed in a desiccator, it will give its moisture to the 
dry air, but this will soon lose it to the sulphuric acid. If any- 
thing dry is placed in a desiccator it will remain dry. 

After a few days the filings exposed to both air and water 
rust, but those exposed to air only do not rust. 

Ezpt. 6o. Does iron rust in water free from dissolved air? 

Boil some distilled water in a flask. Watch it carefully as the tempera- 
ture increases from that of the room to boiling-point. Notice any 
bubbles formed and observe where they burst. Do they burst before 
they leave the water or when they leave it? Can you distinguish 
between bubbles of air and bubbles of water vapour? Air dissolves in 
water, but as the temperature of the water increases less air is dis- 
solved. This is diSerent from what we learned about solids, which 
are usually more soluble in hot water than in cold. After the water 
has been boiling for a few minutes, and steam is issuing from the 
mouth of the flask, drop in a few bright nails. Remove the flask from 
the flame and, before steam stops coming out, flx a rubber stopper 
firmly in the mouth of the flask. Leave for a few days. As a control, 
put bright nails in distilled water in a flask, but do not expel the air. 
Leave for the same length of time as the other flask. The naib in the 
first flask do not rust, but those in the control do. 

The boiling drives all the dissolved air out of the water and 
the steam drives all the air out of the flask. The nails are in 
contact with water only. 

Iron will not rust utiless both water and air are present. 

The next question which arises is; What part does the air 
take in this process of rusting? 

Ezpt. 6i. Wet the inside of a gas jar with water and shake in some 
iron filings. These will stick to the inside of the jar. Remove any 
superfluous filings and invert the gas jar over water in a pneumatic 
trough. Contrive, by allowing a little air to leave, to get the level of 
the water the same inside and outside the jar (Fig. 4a). Leave for a 
few days. The iron rusts and the level of the water in the jar rises. 
Measure the rise and compare the volume of the air lost with the 
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total volume. How does this compare with the amount of oxygen 
used in burning in Experiment 48? Put a lid over the mouth of the 
jar while it is under water. Remove the jar and put in a lighted 
splint. The light is put out and the gas left does not burn. 

It is the inactive part of the air that is left. The oxygen was 
used by the iron in rusting. 

When iron rusts it combines with the oxygen of the air and 
is oxidized. It is a process of slow burning or combustion, and 
although there is no obvious evidence of heat being given off. 



it has been found that in fact heat is evolved, but so slowly that 
it is lost before ordinary methods can detect it. But iron rust is 
not iron oxide. When iron has been rusting for a long time the 
final product is iron oxide combined with water. What we 
have said about iron rusting is true so far as it goes, but we have 
not told the whole story. It is really a very complicated process. 

Iron is prevented from rusting by being covered with ziny- 
tbing that will exclude air and water. Painting, smearing with 
oil, and keeping well polished are effective methods. Ironwork 
is painted primarily to preserve it; decoration is a secondary 
consideration. Iron is sometimes covered with a film of tin or 
zinc. These metals do not rust and keep the iron from rusting. 
Electro-plating, especially chromium plating, is very effective. 

NITROGEN 

We must now study the other main constituent of the air, 
the inactive part, which consists mainly of the gas nitrogen. 
How may this be obtained from the air so that we can study it 
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by itself? If we remove the oxygen from air, the gas left will 
be largely nitrogen, the other gases present being very small in 
amount. We shall see later how it is possible to remove one of 
these gases from nitrogen obtained from the air. Pure nitrogen 
may be obtained by chemical means. We shall study at present 
the nitrogen obtained from the air by the removal of oxygen. 

Ezpt. 62. To obtain nitrogen from the air. Pass air over 
heated copper turnings and collect the gas. Arrange the appafa- 



tus as in Fig. 43. Air is contained in the large vessel A. It is made to 
pass out of A by turning the tap B and allowing water to enter A, 
The air passes over copper tuminp contained in a hard glass tube 
which is heated in a furnace G. The oxygen in the air combines with 
the copper to form a black compound, copper oxide. (We met thh 
compound before when we heated copper in the air.) The gas left, 
largely nitrogen, is collected over water, in the same way as we 
collected oxygen. Collect several jars full. The gas will, of course, 
be wet. 


PROPERTIES OF NITROGEN 
Some of these properties we already know from its prepara- 
tion and collection. It is a colourless, odourless gas. If it is 
soluble in water at all it is only slightly soluble. We know this 
became we coEected it by passing it through water. 

Elqit. 63, Put a lighted splint into a jar of the gas. TheEghtisput 
out and the gas does not bum. How does this gas differ from oxygen? 
Try to burn other substances in the gas in the same way as you 
burned them in oxygen. 
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Nitrogen is said to be a non-supporter of combustion. It is 
better to mention the things that will not burn in a, gas rather 
than to make sweeping statements like this. It is true that the 
gas nitrogen is chemically inactive, that is, it will not readily 
combine with other substances. This may appear strange to 
you later on, when you learn that many of the compounds of 
nitrogen are very active indeed (Gh. XV). 


CARBON DIOXIDE 

When we heated carbon in oxygen we obtained a gas which 
turned lime-water milky. . . 


This gas we called carbon 
dioxide. When carbon burns 
in the air this gas is formed. 
Carbon in many forms (coal 
is one impure form) is often 
being burned or oxidized, 
and the carbon dioxide so 
formed enters the air. We 
shall see later other ways in 
which carbon dioxide enters 
the air. Although the amount 
of carbon dioxide in the air 
is small compared with that 
of oxygen and nitrogen, it 
is easy to show that it is 
present. 



Fio. 44. To show that there is carbon 
dioxide in the air. 


Ent. 64. To show that contains c»rbon dioxide. Leave 
a dish containing some clear lime-water exposed to the air for a few 
hours. Watch the surface of the lime-water. A white film will appear 
on it. Stir the lime-water with a dean glass rod. It appears milky. 
The carbon dioxide in the air, by reacting with the lime-water, 
formed the white film. It is this substance distributed through the 
liquid that causes lime-water to appear milky. 

Another way to demonstrate that there is carbon dioxide in the air 
is to fit up an apparatus as in Fig. 44. Turn the tap A. Water enters 
the filter pump B and draws the air out at C. The air bubbles through 
the clear lime-water in D. Note how long it takes before the lime- 
water turns milky. 



,0 PRELIMINARY STUDY OF ch. 

Carbon dioxide can be obtained in other ways besides heating 
carbon in the air or in oxygen. Let us examine a substance 
from which carbon dioxide is very easily obtained, chalk. 

CHALK 

Examine some chalk. Grind it into a powder. Rub some between 
the fingers. Put a litde on a glass slide and examine it under a micro- 
scope. 

It is a soft, white solid, apparently non-crystalline. (When a 



Fio. 45. The shells of some of the microscopic animals 
found in chalk. 


substance is non-crystalline we say it is amorphous, that is 
‘without form’.) Much chalk that we buy to-day is not natural 
chalk; it has been artificially prepared. There are immense 
deposits of natural chalk in Engltmd. There is much under 
London, and more forming the South Downs. It is seen at the 
surface in the cliffs of Dover. When artificial chalk is examined 
under the microscope the small particles have no particular 
form, and there is very little to see under the microscope that 
we cannot see by the unaided eye; but when we examine 
natural chalk rmder the microscope we see that it is made up 
of tiny shells of many different shapes (Fig. 45). They are the 
shells of dead animab. Similar shelb are dredged from the 
bottom of the sea to-day, so it is believed that the chalk beds 
were formed under the sea and have been raised to their 
present positions in the course of ages. Let us continue our 
examination of chalk. 
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Expt. 65. Is dialk soluble in water? SprinMe a very little 
chalk in a beaker of water. If you put a large quantity of r.hallf into 
a little water, it is impossible to say whether any has dissolved or not; 
but with a little chalk in much water you should be able to see that 
if chalk is soluble at all it must be only very slightly soluble. Heat 
the water. The chalk remains undissolved. From this experiment it 
is impossible to say definitely that chalk is insoluble in water, but 
careful experiments show that in freshly distilled water chalk is 
insoluble. 

The action of dilute acids on chalk 

The common acids are: hydrochloric acid, nitric acid, and 
sulphuric acid. We shall have to study these acids later. For 
the present it will be sufficient for us to understand that a 
dilute acid is one that has been added to a quantity of water. 

Expt. 66. Add dilute hydrochloric acid to a little chalk in a test- 
tube. A colourless and odourless gas is evolved so quickly that it 
causes a frothing of the mixture of chalk and acid. This is called an . 
effervescence. Put a lighted splint into the mouth of the test-tube. 
The light goes out and the gas does not burn. Add more acid. Is 
' more of the gas given off? Does the chalk disappear as if it bad 
dissolved? You can test this better by dropping a very litde chalk 
into some of the acid in a test-tube. A clear, colourless solution is left. 

Add dilute nitric acid to some more chalk. Compare the result 
with that obtained when hydrochloric acid was used. Is there any 
apparent difference? Remember that when there is no apparent 
difference, as in this case, there may be a difference which we do not 
at present appreciate. 

Now add dilute sulphuric acid to more chalk in a test-tube. Note 
the effervescence and test the gas as before. What is left in this case? 
How does it differ from what was left in the other two cases? Is the 
white substance left chalk? We can easily find out by adding some 
dilute hydrochloric acid. If it does not effervesce it cannot be chalk. 

We wish to examine this gas given off when chalk is acted 
on by dilute acids. For this piupose it is necessary to prepare 
gas jars full of it. The gas is carbon dioxide. 

PREPARATION OF CARBON DIOXIDE 

Expt. 67. Fit up an apparatus as in Fig. 46. In the flask place 
some marble chippings. These give off carbon dioxide when acted 
on by dilute acids in the same way that chalk does. We could use 
chalk for this purpose but the effervescence would be so great that 
the froth would overflow into the delivery tube. Cover the chippings 
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with water. Pour down the thistle funnel concentrated hydrochloric 
acid. When this meets the water it will become dilute acid. Carbon 
dioxide is evolved and escapes from the flask by the delivery tube. 
It cannot leave by going up the funnel because the bottom of the 
latter is under the dilute acid. Collect several jars of the gas over 
water. 

Dilute sulphuric acid is not used with marble because in a very 
short rime it forms an insoluble film of calcium sulphate rotmd the 
drippings, &US preventing the acid conring in contact with the rest of 
the marble. 



Pio. 46. The preparation of carbon dioxide. 


PROPERTIES OF CARBON DIOXIDE 

Which of these do you already know from its_ preparation 
and collection? It is a colourless, odourless gas, and is slightly 
soluble in water but not enough to prevent its being collected 
over water. 

Espt. G8. i. Put a lighted splint in the gas. It goes out and the 
gas does not burn. 

3. Into anotherjar of the gas pour some dear lime-water. It turns 
milky. 

3. Into a thirdjarofthe gas pour blue litmus solution. It turns red. 

4. Try to bum other sumtances in the gas as you did with oxygen. 
None will burn except magnesium. In this case the white solid mag- 
nesium oxide is formed. In addition a black solid will be noticed on 
the side of the jar. This is carbon. As magnesium .is an element, it 
cannot contain either carbon or oxygen. Therefore carbon dioxide 
is a compound of both these elements. 
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5, Try to pour the gas from one jar to another as if it were water. 
Do it slowly. Fig. 47 will show you how to hold the jars. By mrani 
of lime-water, test for the presence of carbon dioxide in the jar into 
which you have attempted to pour the gas. What does this experi- 
ment show about the density of the gas compared with that of air? 
Remember that before the carbon dioxide can enter the bottom jar, 
it must push the air out. The gas must be denser than air. 



Fio. 47. Pouring Fio. 48. Collection by downward delivery, 

carbon dioxide. 


Instead of collecting carbon dioxide over water we can collect it 
by downward delivery, or, as some people prefer to call it, ‘upward 
displacement of air’. To do this the apparatus should be arranged as 
in Fig. 48. The delivery tube should reach the bottom of the jar, and 
the gas entering there stays as low as possible while the air above 
it rises. If the delivery tube did not reach the bottom, the carbon 
dioxide would mix with the air. This does happen to some slight 
extent even with the tube reaching the bottom of the jar. Place a 
lighted splint at the mouth of the jar to see when it is full. The light 
is extinguished when the jar is full of the gas. 

Carbon dioxide is not usually considered a poisonous gas but 
it does act as a poison if air containing a high percentage of it 
is breathed. When it is made in the laboratory in the ordinary 
way no precautions need be taken against any poisonous effect. 
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Absouption of Carbon Dioxide by Caustic Soda 
and Caustic Potash 

Ezpt. 6g. Collect some carbon dioxide over mercury In a tube. 
Note the height of the mercury column. Insert a small piece of solid 
caustic soda (or caustic potash) under the mercury at the bottom of 
the column. The solid, being tea dense than the mercury, rises to the 
top of the mercury column and thus comes into contact with the 
carbon dioxide. Note the rise of the mercury in the tube as the carbon 
dioxide is absorbed by the caustic soda. 



Fig. 4g. To remove carbon dioxide from the air. 


When we study acids and alkalis later we shall understand 
what happens when carbon dioxide is absorbed by caustic 
soda and caustic potash. Meanwhile, we may note that we have 
a method of removing carbon dioxide from the air. If air is 
passed through a wash-bottle (Fig. 49) of caustic potash or 
caustic soda, the carbon dioxide is absorbed but the oxygen 
and nitrogen pass through. This method may be used in 
Experiment 63 and the carbon dioxide removed before the 
oxygen. We then obtain nitrogen free from carbon dioxide. 
We shall have to use this method often in our future experi- 
ments. 


USES OF CARBON DIOXIDE 
X. Fire extinguishers (Fig, 50) 

There are many substances which, when treated with dilute 
acids, give off (jarbon dioxide. They are called carbonates and 
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bicarbonates. In fire extinguishers such a substance is placed 
in a container, and acid is placed in another container in such 
a position that when the acid container is broken 
the acid flows on to the carbonate. It is so 
arranged that when the knob is struck a plunger 
breaks the acid container, and the acid flows on 
to the carbonate. There is a sudden evolution of 
carbon dioxide which escapes with great force 
through the nozzle. The stream of gas and 
liquid containing dissolved carbon dioxide is 
directed on to the fire. The extinguisher must 
be recharged with acid and carbonate before it 
can be used again. 

Water wiU not put out burning petrol or oil 
but may spread the fire since some of the water 
may turn to steam and scatter the burning 
liquid. Fire engines carry a special kind of 
extinguisher which produces a ‘foam’, bubbles 
filled with carbon dioxide. This forms a blanket 
of carbon dioxide over the burning liquid. 

a, ‘Dry snow* Fio. 50. A 

Carbon dioxide is a gas, but by the applica- hand fire cac- 
tion of pressure and making the gas very cold it 
is possible to condense the gas to a liquid and then to freeze 
the liquid to a solid. This solid carbon dioxide is known as 
‘Dry snow’ or ‘Carbonic acid snow’, or ‘Electric ice’. It is a 
white solid and can be handled without danger so long as it 
is not pressed between the fingers, otherwise very painful sores 
may be formed. When left in the air at the ordinary tempera- 
ture, it changes to gaseous carbon dioxide without passing 
through the liquid state. It can be produced quite cheaply and 
is in common use for keeping food cold. Solid carbon dioxide 
is used by modern ice-cream vendors to prevent ice-cream 
mdting. The solid carbon dioxide should not come into con- 
tact with the food. It is also used by surgeons for freezing out 
warts and moles. The ‘Dry snow’ should not be handled with 
a metal spoon, but by a wooden or horn spoon (Ch. XXVI). 
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3. Mineral waters and soda-water 

Remove the stopper from a mineral water bottle and watch 
what happens. Bubbles of gas rise from all over the liquid and 
leave it at the surface. The gas is carbon dioxide. Carbon 
dioxide is soluble in water, but much more can be dissolved if 
it is forced in under pressure. When the pressure is reduced by 
removing the stopper, the whole of the gas no longer dissolves 
and some of it comes but of solution. Water charged with 
carbon dioxide tastes ‘sharp’ and is refreshing. Soda-water is 
carbon dioxide dissolved in water under pressure. It also 
rnntaiTis a little bicarbonate of soda in solution. Mineral 
waters contain, in addition to the 
dissolved carbon dioxide, a certain 
amount of colouring and flavouring 

■c * 1 1 .. u iu matter. 

10.51. spar e u . In soda-water syphons the pressure 

of the gas is sufficient to force liquid out when the lever is 
depressed. The liquid effervesces owing to the reduction of 
pressure and consequent evolution of gas from the water. It 
is possible to buy syphons which can be charged in the home 
from a small iron bulb (‘sparklet’) containing liquid carbon 
dioxide (Fig. 51). The bulb is pierced and the reduction of 
pressure in the bulb causes the liquid to evaporate and the 
gas to dissolve in the water under pressure. Carbon dioxide is 
commonly used in this way and no one is ever poisoned by it. 



4. Baking powder 

This consists (usually) of sodium bicarbonate and ‘cream of 
tartar’. These two substances, when brought together under 
suitable conditions of warmth and moisture, give off carbon 
dioxide. If this occurs in the dough, it puffs it up, that is, the 
dough ‘rises’. Sodium bicarbonate (bicarbonate of soda, 
baking, soda) is often used by itself for this purpose. It is mixed 
with the dough, and when this is put into the oven the heat 
causes the sodium bicarbonate to decompose into sodium 
carbonate, water, and carbon dioxide. 



IV 


THE ATMOSPHERE 


77 


5. The ‘rising’ of bread by the use of yeast 

The yeast one buys at the grocer’s shop consists of large 
numbers of a microscopic plant. Yeast is a fungus, and fungi 
do not obtain their nourishment like green plants (Gh. XLIV) . 
When yeast is put into dough and kept in a warm place it 
begins to feed at the expense of the dough and one of the pro- 
ducts formed is carbon dioxide. This causes the dough to 
‘rise’. 


THE ACTION OF HEAT ON CHALK 

Ezpt. 70, Put some powdered chalk (or precipitated chalk) in a 
muffle furnace and heat strongly for half an hour. When the furnace 
is cool again, remove what is left and examine it. Compare it with 
chalk. Is it chalk? How can you find out? It does not look different 
from chalk. Try the action of water on the substance, adding a little 
at a time. Does it dissolve? Does the water get hot? Is steam given 
off? If it is soluble in water it cannot be very soluble because we do 
not notice that any appreciable quantity has disappeared. Shake up 
some of the substance with water, allow to settle, and decant. Evapor- 
ate some of the decanted liquid to dryness. Is anything left? What 
does this tell us about the solubility of the substance? It is slightly 
soluble in water. Test the solution with red litmus paper. It is 
.turned blue. The substance is evidently not chalk for that is in- 
soluble in water. It is called quicklime. 

Add dilute hydrochloric acid to the quicklime. There is no 
effervescence but the water may boil from the heat of the reaction, 
(If all the chalk has not been converted into quicklime there will be an 
effervescence.) 

There are other substances which, when heated strongly, 
yield quicklime: e.g. marble, limestone, Iceland spar, shells (of 
oysters, cockles, mussels, snails), egg shells, coral, and pearls. 
They do so because they are really all different forms of the 
same substance, the chemical name for which is calcium 
carbonate. They are not all pure calcium carbonate, but they 
consist very largely of that substance. Calcium carbonate 
when heated yields quicklime (the chemical name for which 
is calcium oxide) and carbon dioxide. We did not notice the 
evolution of carbon dioxide when we heated chalk in a muffle 
furnace, but by a suitable arrangement the gas can be coUected. 

Calcium carbonate = Galdum oxide-]- Carbon dioxide. 
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. Quicklime is in great demand, especially by fanners, for 
putting on the land (Ch. XLVII), and by builders for mortar 
and plaster. Great quantities are 
made in lime kilns (Fig. 5a). The 
kiln is charged with limestone and 
coal. Chalk is used instead of lime- 
stone if the kiln is in a chalk district. 
The coal burns, supplying the heat 
necessary for the decomposition of 
the limestone. The ashes and lime 
are raked out at the bottom, while 
fresh charges of coal and limestone 
are put in at the top. Thus the 
process is continuous. In modem 
kilns the carbon dioxide is collected 
and used in other chemical pro- 
cesses. The quicklime thus obtained 
contains as an impurity the ash from 
the coal. This does not matter for 
most purposes, but the large Imnps 
of quicklime are picked out by hand. ‘Hand-picked’ lime is 
free from coal ash. It is a little dearer than the other. 



Fio. 52. A lime kQn. 


Laro£- 3 Cai.e Manufacture of Caicbon Dioxide 
As stated in the preceding paragraph, carbon dioxide is 
obtained on a large scale as a by-product in the manufacture 
of quicklime. 

Carbon dioxide is also obtained commercially as a by- 
product in brewing. We have already mentioned that yeast is 
used by the baker in order to make bread rise. The brewer 
also uses yeast (brewer’s yeast) to make alcoholic beverages 
such as beer and whisky. Both these processes depend up- 
on the action of the yeast plant which grows in a medium 
containing sugar. One of the products of this activity is 
carbon dioxide. This is washed, dried, and then pumped into 
cylinders. 
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Qijicklime, Slaked Lime, Milk of Lime, Lime-water 

For the further study of lime it is best to procure a lump of 
quicklime and carry out the operations in a bucket. 

Ezpt. 71. Put some fresh quicklime in a dry bucket. Let water 
fall drop by drop slowly on to the quicklime. Note what happens. 
Does the lime become wet? What happens to the water? Why does 
adding water make the lime hot? Where does this heat come from? 
What change is there in the appearance of the lime? Add more water 
slowly until you have a dry powder. 

This substance is called slaked lime. The quicklime has 
absorbed as much water as it could without becoming wet. 
Where has the water gone? The heat generated suggests that 
a chemical action has. taken place. The quicklime has combined 
with the water to form a new compound, slaked lime, the 
chemical name of which is calcium hydroxide. 

Calcium oxide+Water = Calcium hydroxide. 

Expt. 7a. Continue to add water to the slaked lime in the bucket. 
It now becomes wet. Stir with a stick. This liquid is often called 
milk of lime. Allow the miUc of lime to stand for a few hours and 
decant the clear liquid from the top. 

It is a solution of calcium hydroxide in water, commonly 
called lime-water. The substance left in the bucket after 
decanting is slaked lime which has not dissolved, because there 
was not enough water to dissolve all of it. This milk of lime is 
often used for whitewash. A little size should be added, to 
make it stick better to the wall, and a little blue colouring 
matter should be added otherwise it will dry a faint yellow 
instead of white. Lime-water is used in medicine chiefly in 
infant’s food, for bone formation. It is also used in the labora- 
tory for many purposes, one of which is testing for carbon 
dioxide. MUk of lime is a suspension of solid calcium hydroxide 
in a saturated solution of calcium hydroxide in water. Although 
lime-water is a saturated solution, it is very dilute because 
calcium hydroxide is not very soluble in water. 

The builder manuiactures slaked lime on a large scale so that 
he can use it for making mortar. You should take an oppor- 
tunity of watching this process for yourself. The quicklime is 
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placed in a very large rectangular wooden trough and sprayed 
with water, enough being added to make a very thin milk of 
lime. This is then run ofiP through a sliding partition in the 
trough into a sand pit, where the milk of Ume sets on cooling 
to a tliipTf paste which can be handled with a spade. 

Mortar is made by mixing clean sand with about one-third 
its weight of slaked lime. Mortar sets when it loses water, 
partly by evaporation, and partly by the absorption of some of 
it by the dry bricks. In the course of many years a film of 
calcium carbonate appears on the mortar. This is formed by 
the interaction of the lime with the carbon dioxide of the air. 

The gardener also uses slaked lime for ‘liming’ the soil. This 
is to neutralize the acids in the soil which tend to make the 
ground sour and unfit for growing plants. It is also mixed 
with clay soils to make them lighter and more workable 
(Gh. XLVII). 

Cement is prepared by strongly heating a mixture of lime- 
stone (or chalk) and clay. The product is then ground to a fine 
powdfer. Cement mbced with sand, gravel, and water sets to 
form a hard solid mass known as concrete. 

The Action of Carbon Dioxide on Lime-water 
Ezpt. 73. By means of a delivery tube pass carbon dioxide fot 
some time through dear lime-water in a test-tube. The lime-water 
turns milky. What causes this? 

The liquid is a suspension of tiny particles of a white solid. 
"What is this substance? We can make a guess at the answer 
to this question if we remember what lime-water is. It is 
caldum hydroxide dissolved in water, and calcium hydroxide 
is a compound of calcium oxide and water. Calcium oxide was 
obt^iined by causing calcium carbonate to give off its carbon 
dioxide. It seems possible that the white particles causing the 
milkiness are particles of calcium carbonate. 

Espta 74* To the milky liquid add dilute hydrochloric acid. The 
milkiness disappears and there is an effervescence. 

This also indicates that the white substance may be calcium 
carbonate. We have not proved it by our experiments, but 
other experiments prove that it is calcium carbonate. 
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Calcium hydroxide + Carbon dioxide = Calcium carbonate. 

Expt. <75. Pass more carbon dioxide through dear lime-water for 
a long time. It goes milky at first, but soon dears again. 

Now calcium carbonate is insoluble in water, so the ralrhim 
carbonate must have been changed into something which is 
soluble in water, otherwise the liquid would not have cleared. 
The soluble substance formed is called calcium bicarbonate. It 
is a compound of calcium carbonate, water, and carbon dioxide. 

Calcium carbonate+Water-J-Carbon dioxide = 

Calcium bicarbonate. 

Expt. 76. Boil the solution of caldum bicarbonate you obtained 
in the last experiment. 

Calcium bicarbonate exists usually in solution. On boiling, 
carbon dioxide is given off and calcium carbonate is pre- 
cipitated, so we cannot evaporate the solution to dryness and 
obtain calcium bicarbonate because the latter is decomposed 
by heat into calcium carbonate, water, and carbon dioxide. 

Calcium bicarbonate = Calcium carbonate-f-Water-j- 

Carbon dioxide. 

CALCIUM CARBONATE IN NATURE 

Calcium carbonate, which occurs in enormous quantities, is 
widely distributed throughout the world. Although differing 
in physical properties, chalk, limestone, and marble arc all 
forms of calcium carbonate. Whole mountain ranges consist 
of limestone; chalk beds of great thickness occur in many 
countries; and marble is the chief rock of some districts. Also 
csilcium carbonate occurs in the sea, and most soils contain 
some of it in varying quantity according to the district. Lime- 
stone and marble have been formed from chalk. 

Another form of calcium carbonate is known as ‘Iceland 
spar’, so named because it was first found in Iceland. It is 
found in the form of transparent crystals, and is used for making 
certain optical instruments. An object viewed through these 
crystals appears double, the phenomenon being known as 
‘double refraction’ (Gh. XXXIII). 

4601 G 
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The chalk deposits were originally formed in the sea. 
Protozoa called foraminifera secrete tiny shells of calcium 
carbonate, the material for which they obtain from the sea, 
the calcium from soluble calcium compounds being combined 
with the dissolved carbon dioxide. When they die they fall 
to the bottom of the ocean, and thus a deposit of slime, or ooze, 
as it is called, is formed on the ocean bed. Gradually a hard 
layer of chalk is formed. Upheavals of the sea bed in the past 
have resulted in the chalk becoming part of the dry land. This 
process of chalk ooze formation is still going on to-day. If 
possible you should examine prepared slides of foraminifera 
from chalk under the microscope (Fig. 45) . 

Coral found in tropical seas is made in much the same way 
from the skeletons of the coral polyp. This is an animal 
closely related to the sea aneihone. Coral reefs hundreds of 
miles long have been formed in this way. 

Calcium carbonate also forms the chief part of the shells 
of molluscs, such as oysters, mussels, snails, &c. The pearl, 
obtained from the pearl oyster, is also composed largely of 
calcium carbonate. If a grain of sand, or other foreign body, 
gets into the shell of the oyster, the irritation set up causes the 
oyster to secrete layers over the sand grain, forming a pearl. 
The egg-sheUs of birds also consist mainly of calcium carbonate. 
The bird secretes this substance from a gland in the oviduct 
and the egg becomes coated with it as it passes down the duct. 

Water free from dissolved carbon dioxide docs not dissolve 
calcium carbonate, but rain-water and indeed all water which 
has been in contact with the air for a time contains carbon 
dioxide dissolved from the air. Such water coming in contact 
with calcium carbonate changes it to soluble calcium bicar- 
bonate. Thus, water flowing through a limestone or chalk 
district will contain calcium bicarbonate. If this water drips 
into a cave or undergroimd cavern, some of the carbon dioxide 
escapes, changing some calcium bicarbonate to insoluble 
calcium carbonate. This is left as a deposit where the drop of 
water gave off its carbon dioxide. In the course of ages, a 
spike of calcium carbonate shaped like an icicle hangs from 
the roof, and a column rises from the floor underneath, which 
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received the fallen drops. The deposit hanging from the roof 
is called a stalactite, that rising from the floor is called a stalag- 
mite. Sometimes a stalactite and a stalagmite join, and a column 
is formed. Some of these caves present a wonderful sight when 
lit up by torches or electric light. Well-known ones occur in 
the Cheddar Gorge, in Yorkshire, and in Derbyshire, and there 
is a very fine one near Wells. 

It will be obvious from the preceding paragraph that carbon 
dioxide will be set free into the air. This is only one of the ways 
in which the atmosphere obtains its carbon dioxide. In later 
chapters we shall discuss other methods, and also the impor- 
tance of carbon dioxide in the life of a green plant. 

SUMMARY 

CHALK 
Calcitm carbonate 
(Heat) 


Quicklime Carbon Dioxidb 

Caldm oxide 
(Add water) 

Sl.ATTP.n Lnffi 

Calcium hydroxide 
(Add more water) 

I 

Milk of Lime 

A suspension of calcium hydroxide in a saturated solution of calcium hydroxide in water 

(Filter) 


Lime-water Calcium Hydroxidb 

A saturated solution tf calcium hydroxide in water 
(Pass carbon dioxide) 

Calcium Carbonate (Insoluble in water) 

(Pass more carbon dioxide) 

I 

Calcium Bicarbonate (In solution) 

(Boil the solution) 

I ^ 1 

Calcium Carbonate Carbon Dioxide 
(See ps 1 70 for equations dealing with these reactions.) 
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QUESTIONS 

I. Describe simple experiment which illustrate the fact that (i) 
air occupies space, (a) air has weight. 

State clearly your reasons for believing that (i) air exerts a pres- 
sure, (a) this pressure acts in all directions. 

а. State clearly why the pressure of the air diminishes as we ascend 
a high mountain. 

3. What value can be attached to the words ‘Rain’, ‘Change’, 
‘Dry’, ‘Fair’, ‘Very dry’ seen on some barometers? Discuss the use 
of the barometer in weather forecasting. 

4. Draw a labelled diagram of an aneroid barometer showing 
clearly its construcdon. In a few sentences describe how it measures 
the pressure of the atmosphere. Why is this type used as an altimeter? 
What are the limitations of this instrument when used as an altimeter? 

5. State briefly but clearly (with the aid of a diagram) how the 
pressure of the air is applied in using one of the following: (i) the 
bicycle pump, (a) a self-filling fountain-pen, (3) a garden syringe. 

б. Describe, with the aid of a labelled diagram, the working of 
a lift-pump (suction pump) stating clearly how the pressure of the 
atmosphere is applied. 

7. Draw a labelled diagram of a force pump. State with reasons 
what happens (i) on the first up-stroke, (s) on the first down-stroke. 
What disadvantage has this type of pump and how is the construction 
of a modem pump modified to overcome this disadvantage? 

8. Describe what can be noticed when the following elements are 
heated in the air : (a) magnesium, (i) copper, (c) lead, (d) sulphur, 
(t) charcoal. 

9. State briefly and clearly your reasons for believing that some 
part of the air is used when elements are burned in it. 

Magnesium, heated in the air, increases in weight; when carbon is 
similarly heated it apparently disappears. How do you accoimt for 
this? 

10. State dearly why air is regarded as a mixture of gases and not 

a compound. What arc the gases in the atmosphere and what is the 
approximate amount of each? ' 

1 J . How did Priestley first obtain the gas which has since been 
called oxygen? Who gave it this name and why? Is it a suitable 
name for this gas? 

IS. Name three substances which give off oxygen when heated. 
Choose one of them and describe what you observe when it is heated. 
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13. Describe the burning of either (a) sulphur or (6) carbon in 
oxygen. When water is shaken up with the resulting gas and blue 
litmus solution added, the latter turns red. Account for this. 

14. What is an oxide? Give one difference between the fw j dp of a 
metal and that of a non-metal. What chemical process goes on during 
burning? 

15. State the conditions under which iron rusts. What chemical 
process takes place? Is there any heat change, if so, what? What 
practical methods are adopted for preventing iron from rusting? 
State why each method is effective. 

16. How would you show that there is carbon dioxide in the 
atmosphere? How does it get into the atmosphere and how is it 
taken out by natural agencies? 

17. Describe the appearance of some natural chalk. How does it 
occur in nature? 

Describe the action of dilute (a) hydrochloric acid, ( 4 ) nitric acid, 
(e) sulphuric acid, on chalk. How does (e) differ from (a) and ( 4 )? 

18. State briefly, without experimental detail, how a sample of air 
may be obtained free from carbon dioxide. 

Explain bow carbon dioxide is used in (a) fire extinguishers, 
( 4 ) refrigeration, (c) mineral waters, (d) cooking. In what forms can 
you buy carbon dioxide? 

ig. In what forms does calcium carbonate occur in nature? 
Starting with calcium carbonate, how would you obtain slaked lime? 
What are the uses of lime (quick and slaked) ? How would you 
distinguish chalk from lime? 

20. Describe and explain the action of carbon dioxide on lime- 
water. What happens when a solution of calcium bicarbonate is 
heated? 

What is the action of rain-water on rock containing calcium car- 
bonate? What effect has this on the water? What are stalactites and 
stalagmites? Explain their formation. 

A Describe, with a diagram, the construction of a mercury baro- 
meter. What does it measure? How may a mercury barometer be 
used to determine the approximate haght of a mountain? [C.W.B.] 



ANIMALS IN RELATION TO AIR 
RESPIRATION 
OURSELVES AND THE AIR 

We know that we are very uncomfortable, not to say distressed, 
if for any reason we are deprived of air for a short time. We 
can ‘hold our breath’, and even stay under water, but not for 
long. It is common Imowledge that people and other animals 
deprived of air for any length of time die. We are usually 
unconscious of breathing, but when we run or dimb a hill, we 
become conscious that we are breathing more quickly Aan 
usual. Apparently we need more air when we are doing 
physical work than when we are sitting still. 

Expt. yy. Sit down and count the number of times you take in air 
in one minute. Now run about imtil you are panting; then sit down 
and count the number of respirations per minute. 

Why do we need air? Why do we need more air when we 
are exerting ourselves than when we are sitting down? Do we 
use the whole of the air, or is there some special part of it we 
use? 


INSPIRED AND EXPIRED AIR COMPARED 

Espt. 78. Arrange an apparatus as shown in Fig. 53. The two 
wash-botUes contain lime-water, and the connexions are so arranged 
that when a peiaon breathes (with his mouth) through the tube A, 
inspired air comes from the outside, bubbles through the lime-water 
in B, and enters the mouth afterwards, while expired air passes 
through the lime-water in G and then into the open air. Study the 
connexions carefully and see that this is so. With the mouth breathe 
through A for a long time and note what happens in the wash-bottles. 
The lime-water in C turns milky before that in B. 

The lime-water in C has been turned milky by the expired 
air, that in B by the inspired air, that is, the ordinary air. There 
must he much more carbon ^oxide in expired air than in 
ordinary air. Where has this extra carbon dioxide come from? 
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An answer to this question is suggested when we know that 
expired air is poorer in oxygen than ordinary air. Experiments 
show that expired air contains about 4-5 per cent, less oxygen 
than ordinary air, and about 
5 per cent, more carbon di- 
oxide. What kind of a chemi- 
cal action does this suggest is 
taking place in the body? 

Oxygen is being used to 
oxidize carbon which must 
be in the body. 

Ezpt. 79. Breathe on the dry 
surface of a beaker containing 
cold water. What happens? 

Expired air contains more Soon turn miki, 

moisture than ordinary air. 53 * 

The moisture does not exist as liquid water, but as water 
vapour. This condenses on cold surfaces. 

Expt. 80. Breathe on the bulb of a thermometer. 

Expired air is warmer than inspired air. If a number of 
people are kept in a closed room for a few hours, the air 
becomes warmer and contsiins a greater percentage of moisture 
and carbon dioxide, and a smaller percentage of oxygen. The 
windows become covered with moisture. It is uncomfortable 
to sit in such a room, chiefly because of the temperature and 
the water vapour. The increase of carbon dioxide and the 
decrease of oxygen contribute to this discomfort. 

It is remarkable how the human body can accommodate 
itself to a decrease in the oxygen supply. People can ascend to 
great heights in aeroplanes where the decrease in the pressure 
of the atmosphere means a smaller oxygen supply in each 
inspiration. They do not suffer much discomfort so long as the 
change is gradual. There is, of course, a limit to the height to 
which one can ascend and pilots who fly aeroplanes at a great 
height use an apparatus for increasing the oxygen supply. The 
climbers of Mount Everest have not only existed, but climbed, 
with a very restricted oxygen supply, but they found it necessary 
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to stop for a day or two at various heights until their bodies 
became used to breathing in a rarefied atmosphere. On the 
later stages of the attempt some of them carried oxygen, but 
some people have said that it is possible that the extra oxygen 
supply did not compensate for the extra weight of the apparatus 
to be carried. 


ANIMALS AND RESPIRATION 



Espt. 8x. To show that carbon dioxide is produced when 
animals respire. Fix up the apparatus as shown in Fig. 54. See 
that all the joints are tight before commencing the experiment. Air 
entering the lime-water in B is free from carbon dioxide because it 
has passed through the caustic potash in A. C contains the animal, 
e.g. a frog, an earthworm, a beetle, &c. The lime-water in D soon 
becomes cloudy and this means that carbon dioxide has entered the 
apparatus somewhere after the air passed B. It can only have been 
produced by the animal in C. 

Expt. 89. To show that oxygen is absorbed daring respira^ 
don. Fix up an apparatus as shown in Fig. 55. The animal is placed 
in flask A which is surrounded by a bath of water to keep a constant 
temperature. The tube B contains lumps of caustic potash to absorb 
any carbon dioxide produced by the animal. The coloured water 
rises in limb C of the manometer showing that oxygen has been used 
by the animal, converted into carbon dioxide, and absorbed by the 
camtic potash. 


RESPIRATION 89 


Another similar apparatus with- 
out the animal would show diat the 
rise in C could not be attributed to 
change of volume of the air in A 
due to temperature changes. 

All animals require oxygen 
for respiration, and in the pro- 
cess liberate carbon dioxide as 
a waste product. If oxygen is 
absorbed and carbon dioxide 
is given out during respiration, 
there is a net loss of carbon, 
which is shown by Experiment 
83. 



Fic. 55. To show that oxygen is 
absorbed during respiration. 



Expt. 83. To show the loss of weight through respiration. 

Fix up the apparatus as shown in Fig. 56. A long strip of wood 
is pivoted on a stand to act as a balance. A small cage made of 
perforated zinc, containing a mouse, is suspended at one end and 
counter-poised with weights at the other, the balance being accurately 
adjusted by means of a rider. It will be found that the mouse gradu- 
ally loses weight. 

Expt. 84. Obtain two pieces of wide glass tubing (glass lamp 
chimneys are ideal) fitted at the ends with metal cylinders, with caps, 
as shown in Fig. 57, and containing solid caustic potash. The tubes 
should be as nearly as possible the same weight and size and should 
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contain the same weight of caustic potash. In one tube place a 
mouse. Support the tubes at the ends of the beam of the balance and 
adjust the balance. It will now be found that the mouse apparently 
increases in weight. Can you explain this? Remember that the mouse 
is continually taking in oxygen and forming carbon dioxide. The 
second tube is used to cancel out the increase in weight due to 
absorption of carbon dioxide from the air outside. 



CYLINDER 
Fjo. 57* 

Many of the lower animals (e.g. the earthworm) respire 
through the skin and often have no other form of respiration. 
For this reason their skins are moist. Every part of the 
animal’s body needs oxygen and every cell is supplied with it 
by diffusion and gives up carbon dioxide and water by the same 
means. This process is much too slow for large animalH^ for 
they need a constant and more rapid supply of oxygen. Again, 
in most of the higher animals the skin has often to serve as a 
protection to the animal, and consequendy special respiratory 
surfaces are formed, e.g. lungs and gills. It is now necessary to 
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bring the oxygen to these surfaces, so we find definite breathing 
movements for this purpose. 

In order to understand how air is taken in and how it is 
expelled by human beings we shall find it helpful to study the 
breathing apparatus of the rabbit, which closely resembles our 
own; we can compare this with that of the frog which is in 
some ways simpler. Let us study the frog first. 

RESPIRATION IN THE FROG 

Watch a frog in an aquarium. When it is at rest out of 
water the nostrils can be observed at the top of the head. 
Because of the position of the nostrils it is possible for a frog 
to respire air while almost the whole of its body is submerged. 
Note carefully the opening and closing of the nostrils and the 
movements of the under side of the mouth cavity {buccal 
cavity). For the greater part of the time when a frog is resting 
the nostrils are open and there is a steady up and down move- 
ment of the bottom of the buccal cavity. At intervals (of about 
a minute usually, but varying considerably arm rHi'njr to the 
conditions prevailing) the nostrils close, the bottom of the 
buccal cavity is lowered and then raised, and there is a pro- 
nounced movement of the flanks, as if air were being ta ke n 
inside. 

Watch a frog under water, and time its stay there. Are there 
any breathing movements to be noted when it is submerged? 

A frog can respire in three ways: (i) through its skin, (a) 
through the lining of its mouth, and (3) by means of its lungs. 
Let us consider each of these in turn. 


RESPIRATION OF THE FROG THROUGH ITS SKIN 
For this to be possible the skin must be moist, thin, anrl well 
supplied with blood-vessels. In order to reach the blood- 
vessels, the oxygen must first dissolve in the moisture of the 
skin and then be diffused through the skin. If the skin were 
tough the rate of diffusion would be too slow. This method of 
respiration is used when the frog is under water, and during its 
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writer sleep at which time it is frequently under water or 
buried in mud. The frog is always respiring through its skin to. 
some extent, however, so long as the skin is moist. 

When oxygen passes through the frog’s skin it passes through 
the walls of some very tiny blood-vessels called capillaries, 
which form a network all through the skin. These capillaries 
contain blood, one of the functions of which is to carry the 
oxygen to all parts of the body and to bring back the carbon 
dioxide so that it can be passed out of the body. In the same 
way that oxygen passes through the walls of the capillaries to 
reach the blood, the carbon dioxide leaves the blood, passes 
through the walls of the capillaries, through the moist skin, 
and so dissolves in the water or escapes into the air. 

BLOOD AND ITS CIRCULATION 

In man and many other animals the blood circulates in what 
is known as a ’dosed system’ pumped round by the heart. This 
was first proved by Wiluam Harvey who was born in the 
reign of Elizabeth, was physidan to the court of Charles I, and 
died when Cromwell was Protector. Before Harvey’s time it 
was known that the blood moved in the body, but there was 
no dear realization of the fact that the heart pumped the 
blood out through the arteries, and that after passing through 
networks of capillaries it returned to the heart through the 
veins. Many people thought that the blood flowed to and fro, 
but others came very near to the truth in their speculations. 

Harvey lived to see his discovery acknowledged but he never 
saw blood circulating, because the microscope had not been 
invented at the time of his death (1657). The circulation of 
the blood was first observed by Malpighi in i 66 i . 

This discovery was of the first importance, but the role of 
the blood in respiration and nutrition could not be understood 
until the discovery of oxygen was made and oxidation was 
understood. This did not occur until much later (p. 58). 

The blood consists of a colourless liquid known as plasma, 
containing, among other things, living cells in suspension. 
Some of these are coloured red and so give the blood the 
appearance of being red throughout. Viewed under the micro- 
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scope, however, it is easy to see that the red colour comes only 
from some of the cells. 

Espt. 85. Take a small drop of frog’s blood (there is no need to 
kill a frog specially; wait until you are doing a dissection of a frog for 
other purposes) and place it on a glass slide which has been very 
carefully cleaned. Cover with a very clean cover-glass. No air 
bubbles must be allowed to remain, and the blood must not run out 
from under the cover-glass. Examine under the high power. Do the 
same with a drop of your own blood. Obtain it by pricking the finger 
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Fig. 58. Some elements of human and frog’s blood. 


with a needle which has been previously held in a flame until it is 
red hot, and then allowed to cool. (This is to sterilize the needle to 
avoid infection.) Examine also prepared slides of the blood of the 
frog and human blood. Compare what you see with Fig. 58. Note 
the differences between frog’s blood and human blood. 

The red cells, Ccilled red corpuschs, are round in man and 
oval in the frog. In the latter you may distinguish the nucleus,, 
but it is absent from the red corpuscles of man and other 
mammals (i.e. animals which have hair on their bodies and 
suckle their young). There are also present white corpuscles, 
which are nucleated both in the frog and man. The white 
corpuscles are very irregular in shape, and many of them change 
their shape from time to time. The corpuscles concerned with 
respiration are the red ones, so for the present we shall coniine 
our attention to them. 

The red colouring matter is called haemoglobin- It is a very 
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complex substance. Its most important property is that it is 
capable of combining with oxygen very easily, and forming 
a new compound, oi^haemoglobin. This is a very unstable 
compound, that is, it is easily decomposed into oxygen and 
hapmogln hin . The blood is thus enabled to carry round about 
forty rimes £is much oxygen as it would if oxygen were merely 
dissolved in the same amount of water. 

Haemoglobin combined with oxygen is red, but when it 
comes in contact with anything that docs not contain oxygen or 
will combine with oxygen, the haemoglobin gives up its oxygen 
and turns purple in colour. In the case of the &og, the oxygen 
combines with the haemoglobin of the blood in the capillaries 
and is taken by the blood to all parts of the body, where it 
oxidizes the carbon of the tissues or of the food in the tissues to 
carbon dioxide. This is brought back to the capillaries and is 
given up by the blood which then combines with more oxygen. 

The circulation of the blood can easily be observed in the 
tail of the tadpole. Place a tadpole on a slide (or in a watch- 
glass) in plenty of water. It lie there quite comfortably 
with its tail flat on the slide. If a slide can be obtained with a 
depression in it so much the better, as the tadpole’s body will 
lie in the depression in water while the tail will lie flat in a film 
of water on the flat of the slide. Use the low power of the 
microscope. The red corpuscles can easily be seen streaming 
through the capillaries. 

It is possible to demonstrate the circulation of the blood in 
the skin between the toes of an adult frog. The advantage of 
this method is that it can be used during seasons when a 
tadpole cannot be obtained, but the tadpole method is very 
much easier. 

Ksspiration of the Frog through the Mucous 
Membrane of the Mouth 

The mouth of the frog is kept shut but the nostrils are kept 
open and air is drawn into the mouth cavity (buccal cavity) by 
the lowering of the floor of the mouth. This causes an increase in 
volume of the mouth cavity and air enters to fill the space. The 
lining of the mouth cavity (the mucous membrane) is well supplied 
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with capillaries and there is an exchange of oxygen and carbon 
dioxide between the blood and the air in the mouth. The air 
is then forced out by the raising of the floor of the mouth cavity. 
The process is then repeated and fresh air is drawn into the 
mouth. Periodically this process is interrupted by the lung 
breathing method described below. 


Respiration of the Frog by Means of its Lungs 

Watch, or perform yourself, a dissection of the frog to show the 
lungs. Froce^ as follows: 

Put some cotton-wool in the bottom chamber of an empty desic- 
cator. Pour on the wool a litde 
chloroform; separate the two 
chambers hiy gauze and place the 
frog in the upper chamber. Put 
on the lid, but occasionally raise 
it to allow some air to enter. A 
mixture of chloroform vapour 
and air will not cause the frog any 
distress. When the frog appears 
unconscious leave the lid on all 
the time so that the frog will 
breathe chloroform vapour alone. 

Leave for at least twenty minutes 
after aU signs of life have dis- 
appeared. 

Wash the dead frog in running water; open the mouth as wide as 
possible and examine the back portion, called the pharynx. There are 
two openings at the back of the pharynx, the gdlet, which leads to 
the stomach, and the glottis, whi(^ leads to the lungs. The gullet is 
easily seen. To find the glottis look for a prominence in front of the 
gullet and feel on the prominence for a little slit. This is the glottis 
(Fig. 5g). Note that it can be opened and closed. We must now see 
where the glottis leads to. 

Lay the frog on its back on the weighted cork of a dissecting dish 
containing water. Pin the frog down by five pins, one through each 
of the hands and feet, and one through the tip of the upper jaw 
(Fig. 60(a)). 

Lift the loose skin at A in the figfure and cut it with the scissors. Cut 
the skin forward to the lower jaw and then backwards. Continue 
along each leg and along the arms. Separate the skin from the under- 
lying tissue with the scissors and pin die skin back out of the way. 

Before opening the body it is necessary to ligature the anterior 
abdominal vein, the position of which is shown in Fig. 60 ( 6 ). Proceed 
as follows: Finch the abdominal wall in the position shown in the 
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figure and make a small cut with the scissors on each side of the vein. 
Take care not to puncture the vein or damage the tissues underneath. 
Push the small scissors or forceps through one incision, under the vein, 
and out at the other incision. Take hold of a double thread with the 
points of the scissors or forceps and pull the thread through, under 
the vein to the other side. Cut the thread so that you now have two 
threads. Tie each thread separately on a double knot, leaving a 
space between the two ligatures. You may now cut the vein between 
the two threads and there will be no bleeding. 



Fio. 6o. The frog; (a) First cuts, (i) Abdominal vein. 


Now cut through the muscles of the body wall along the lines 
shown in Fig. 6o (b). Keep the point of the scissors pressed upwards 
all the time to prevent damage to the organs lying in the body cavity. 
Pin back the body wall as you open it out. Wi& strong scissors cut 
through the pectoral girdle in the positions shown in the figure (S). 
With forceps remove the portion of the girdle that is now free, loosen- 
ing it fi'om the tissues with fine scissors. Remove the pins from the 
hands and pull them gently sideways as far apart as possible. Pin 
them in their new positions. 

Most of the organs will now be visible. Idcniily them with the 
help of Fig. 6i. We are concerned at present with the lungs and 
heart for these are employed in respiration. Before you cut anything 
now, be sure you know what you are cutting. 

Cut away the liver. Gut through the oesophagus leading from the 
pharynx and remove it out of the way. Find the lungs and heart and 
probe them very gently. Wash the whole frog in water, and get every- 
thing clean round the lungs. Look for any connexion between the 
heart and the lungs. Use a lens if necessary and be very careful not to 
damage anything as you move the heart and lungs with your seeker. 
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Remove the lungs by cutting as near to the glottis as possible. 
Wash the lungs in water and place them in a watch-glass.' Examine 
them, using a simple microscope where the light comes upward 
through the lungs and then through the lens to your eye. Move the 



lungs about on the watch-glass and find out all you can. Read the 
following description and then return to your examination. 

The lungs are a pair of oval bags lying in the body cavity 
(Fig. 63 a). They are connected by two very short air-tubes 
{bronchi) to the larynx and thence to the glottis. They have 
spongy and elastic walls thrown into slight folds on the inside. 
This folding gives a much greater area of contact with air inside 
the lungs. The pulmonary artery branches near the top of the 
lungs, one branch going to the top of each lung, branches again 

4601 jj 
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into smaller arteries, and after continued branching becomes a 
net-work of capillaries. These unite into small veins that come 
together as the pulmonary vein which leaves the lungs at the top. 
When the frog breathes by means of its lungs it closes the 

I From mouth 



Fig. 62. Diagrams showing the structure of lungs and bronchial tubes 
in {A) amphibian, e.g. frog (somewhat enlarged) ; and in (£) a mammal, e.g. 
rabbit, man (somewhat reduced). 


nostrils and depresses the floor of the buccal cavity. The 
glottis is open; thus air enters the mouth from the lungs. This 
air will have had part of the oxygen removed and will 
contain a higher percentage of carbon dioxide than ordinary 
air. The air from the lungs mixes with the air already in the 
mouth. The floor of the buccal cavity is now raised and, the 
nostrils still being closed, the compressed air has only one path, 
that is via the glottis, so air is forced into the lungs. The 
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glottis is now closed. The air is retained for some time in 
the lungs during which time the movements accompanying 
‘mouth’ respiration may continue. The lungs never receive a 
full charge of ordinary air, but a mixture of ordinary air and 
air which has been in the lungs before. When the air is in 
the lungs there is an exchange of gases between the blood in 
the capillaries and the air in contact with them. 

The blood flows from the heart through the pulmonary 
artery to the lung capillaries and contains littie or no oxygen 
but much carbon dioxide. The latter is given up to the air in 
the lungs while oxygen from the lungs passes through the walls 
of the capillaries and combines with the haemoglobin of the 
blood. This is carried by the pulmonary vein to the heart which 
pumps it to all parts of the body. There the oxygen is taken 
up by the tissues in exchange for the carbon dioxide which 
is absorbed by the blood and eventually reaches the lungs. 

This process of breathing by the lungs is one in which the 
mouth cavity acts as a force pump. The mouth is kept shut, 
the lips making it air-tight, otherwise expiration and inspira- 
tion would be impossible. The frog would die of asphyxia if 
its mouth were artificially kept open for a considerable time. 

RESPIRATION OF THE RABBIT 

We shall consider the rabbit because, like ourselves, it 
breathes only by lungs, and these are very much like our own. 

From a dealer procure a rabbit which has been killed without 
injury to the lungs or the cavity in which they lie and has not been 
opened. Proceed as follows to examine the lungs and heart; 

1. Fasten the body to the dissecting board with the ventral (i.e. 
belly) surface upwards. The body should be stretched taut and 
pinned through the feet. 

2. Full up the skin over the abdomen and snick transversely 
through it with the scissors. Be careful not to damage the body wall. 
Continue the cut both forwards and backwards along the middle line 
of the body, releasing the skin from the body wall from time to time 
by using the back of a scalpel. In this way remove the skin from the 
ventral surface and the neck. Fin the skin back out of the way. 

3. Open the abdomen by a median longitudinal and a transverse 
cut just behind the ribs. Do not carry the longitudinal cut any farther 
forward than is necessary for seeing the liver and the stomach (Fig. 63) . 
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The liver is a large, solid, reddish organ overlying the stomach and 
attached at the anterior (forward) end to the diaphragm. The latter is 
a thin partition sqjarating the cavity of the thorax from the abdominal 



Fio. 63. The rabbit: internal organs. 


cavity wUch is much larger. The stomach is smooth and bluish- 
white; It 18 partially hidden by the liver. 

4. Find the oesophagus, which leads into the stomach. Remove 
me hver a htde at a time to make certain that the diaphragm is not 
damaged tn Jhe process. Remove the stomach and the intestines. 

5 - You will now be able to examine the surface of the diaphra^ 
M seen from the abdominal region. Feel it and note that it is stretched 
tightly and is concave. 
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6. Remove the muscles of the breast, thus exposing the breast bone 
and the ribs. Be careful not to puncture the thorax in doing this. 

7. Note again the position of the diaphragm on the abdominal 
side. Pierce with a scalpel the wall of the thorax between the fourth 
and fifth ribs counting from the anterior end. Now examine the 
diaphragm again. What has happened? 

8. Repeat this on the other side, and again examine the diaphragm. 
Has anything further happened? 

g. With scissors remove a small part of the wall of the thorax 



Thymus gland 
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Fig. 64. The rabbit: thoracic cavity. 


anterior to the fifth rib. The part removed should include part of the 
breast bone and a little on each side of it. Now that you can see what 
you arc doing, enlarge the opening just made but be careful not to 
do any damage to the organs in the cavity. Do not cut anything until 
you know what you are cutting. Examine the cavity, using a blunt 
seeker to push the organs gently aside (Fig. 64). Note the membrane 
that divides the right from the left side of the cavity. Note the heart, 
enclosed in a transparent membrane, the pericardium. Genfly remove 
the pericardium by cutting with the scissors. Examine the lungs, 
which are pink and spongy. They occupy the greater part of the 
cavity. Note that they are, free except at the anterior end, where they 
arc connected with (i) the two bronchi which branch from the wind- 
pipe, (2) tiie blood-vessels of the heart. 

10. Dissect aside the muscles of the neck and expose the wind-pipe 
{trachea). Gently detach it from the surrounding tissue. Gut it across 
and insert a tube in the part below the cut, and tie the trachea firmly 
to it. Blow down the tube. The lungs become inflated. Note how 
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they fill the cavity of the thorax. Allow the air to escape from the 
tube. The lungs collapse again. 

II. Remove the heart, taking care not to damage the lungs. 

la.' Remove the lungs together with the trachea. 

13. Examine the lungs. Wash them in water. They float. The 
left lung is divided into two lobes and the right into four. Again blow 
down ^e tube, thus inflating the lungs. Note that they collapse when 
the blowing is discontinued. The lungs are spongy, elastic, and air- 
tight. Identify the branches of the pulmonary artery which conveys 
the blood from the heart to the lungs, and the pulmonary vein wHch 
carries the oxygenated blood from the lungs to the heart (Fig. 66). 

14. Gut a piece oflF the lung and note the escape of air bubbles. 

15. Tease a little of the lung out and examine under the simple 
microscope. 

16. Remove the diaphragm by cutting across the ribs to which the 
diaphragm is attaclied and freeing it from the oesophagus and the 
muscles of the back by the scalpel point. Stretch it out on the board 
and examine it. Note the muscular part round the circumference. 


THE BREATHING MOVEMENTS OF THE RABBIT 

Let us try to reproduce artificially the conditions in the 

thoracic cavity when the rabbit 
is breathing. 

Expt. 86. Fit up an apparatus as 
shown in Fig. 65. ^ is a bell-jar 
fitted with a two-holed cork C. 
Through one hole passes an open 
tube B which is pushed in the tra- 
chea of the lungs of a rabbit, and 
fastened by strong thin string. 
Through the second hole is passed 
a glass rod D, to act as a stopper. 
£ is a sheet of rubber stretched 
tightly and fastened to the flange 
of the bell-jar by string and made 
air-tight. F is an attachment to 
the rubber by which it may be 
handled. Remove D and press the 
rubber sheet upwards so that it is 

concave towards the outside. While 

It is m this position insert the plug D, It now represents the conditions 
in the thorax when the diaphragm is concave seen from the ab- 
dominal cavity. 

Take hold of F and pull the rubber sheet down. This causes an 
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increase in volume in the bell-jar and a consequent reduction in the 
air pressure. Air therefore enters the lungs through fi. Push the sheet 
up. Air leaves the lungs. 

This is part of what happens in the thoracic cavity of the rabbit. 
As the diaphragm moves backwards and forwards, operated by 
muscles which are controlled by nerves, there is a decrease, followed 



Fio. 66. Lungs and heart of mammal (diagrammatic). 


by an increase, of pressure in the cavity which causes the lungs to be 
alternately filled and partially emptied of air. (A toy balloon may 
be used if the lungs of a rabbit are not available.) 

There is also another method by which the thoracic cavity 
is enlarged. The chest wall is supported' by ribs fastened to the 
back bone dorsally (i.e. upper surface of the animal), and all 
except the last three (floating ribs) to the breast bone ventrally 
(under-surface of the animal) . Sets of muscles between the ribs 
pull the ribs upwards and downwards as required. When the 
ribs move upwards, the breast bone is pushed forward, thus 
enlarging the thoracic cavity. The cavity is diminished when 
the ribs move downwards. 
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A complete ‘breath’ consists of an inspiration, a pause, and 
an expiration. Air is inspired by increasing the size of the 
thoracic cavity by raising the ribs and lowering the diaphragm. 
The air pressure inside the lungs causes them to expand and 
fill the charged thoracic cavity. This diminishes the air pres- 
sure in the lungs so that air is now ‘sucked’ in via the nose, 
throat, and trachea until the pressure in the lungs equals the 
atmospheric pressure. In expiration, the ribs move downwards 
and the diaphragm domes upwards. The volume of the lungs 
therefore diminishes and air is breathed out until the pressure 
in the lungs is again equal to atmospheric pressure. 

A rabbit shot through the chest would have its thoracic wall 
punctured and so the lungs would collapse. 

BREATHING IN MAN 

The rate of breathing in normal man is about sixteen times 
per minute. It is higher in children and during exercise. 
During exercise the muscles produce more carbon dioxide. 
The amount of carbon dioxide in the blood controls the rate of 
breathing. The control is exercised by a part of the brain. 
When the blood containing extra carbon dioxide produced by 
exercise reaches the brain, the rate of breathing is increased. 

When we breathe out, we do not empty the lungs at each 
breath, for in ordinary breathing we teike in and breathe out 
about 500 c.c. of air, whereas the lungs would actually take 
about seven or eight times as much. 

In artificial respiration pressure on the back causes pressure 
on the abdomen, thus forcing the diaphragm to dome upwards. 
In addition it compresses the chest and so air is expelled. The 
pressure is then relaxed and air is drawn into the lungs. In other 
words, an attempt is made to provide the normal movements by 
rhythmic pressure on the bade. 

In certain illnesses the chest and other muscles or nerve 
centres concerned with breathing fail to function, and so the 
patient is placed in an ‘iron lung’ from which only his head 
protrudes. In some later forms only the thoracic region is 
enclosed. An air-tight connexion is made round the neck and 
air is withdrawn from the box surrounding him. Air rushes in 
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through the mouth and nose to inflate the lungs sinp<» a partial 
vacuum exists outside the patient, i.e. within the enclosure. 
The .reverse process causes the lungs to be deflated. Artificial 
respiration is thus continued over a long period, for weeks or 
months. The patient can eat and sleep while in the lung. For 
short periods of treatment a more portable form of ‘lungs’ is 
used fitting only over the chest of the patient. 

A recent development in ‘lungs’ is the respirator room where 
doctors and nurses have ready access to the bodies of patients. 

In each nostril of the nose are ‘scroll’ bones (so named 
because they resemble a scroll of paper) covered by a deli- 
cate layer of tissue which secretes mucus and contains many 
minute blood-vessels. The incoming air is therefore moistened, 
so preventing the drying up of the surface of the lungs. It is 
also warmed by the blood, thus preventing chilling of the lungs. 
The mucus, aided by the hairs in the nostrils, collect the many 
particles of dust, spores, &c., which arc present in the air and 
which would otherwise clog the delicate respiratory surface of 
the lung. From the above it is obvious why one should always 
breathe through the nose except when swimming. 

A good supply of fresh air is necessary for health. There is 
no difficulty about this when we are out of doors, but many 
people have to spend much time in rooms, mines, and under- 
ground railways. All of us have to spend many hours in a bed- 
room asleep so that the building-up processes can outpace the 
breaking down. Under all these conditions a good oxygen 
supply is necessary. (See under ventilation, Ch. XXVI.) 

THE LUNGS OF THE RABBIT 

These are much more efficient than those of the frog (Figs. 
62 B and 66) . The air enters by the glottis, which is protected 
by the epiglottis, which closes the opening when food is being 
swallowed. This prevents any food going down the trachea in- 
stead of the gullet. From the glottis the air passes the voice-box 
(larynx) and thence into the trachea which branches into two 
bronchi one on each side of the lungs. The trachea and its 
branches are lined with dlia, cells having tiny whips of proto- 
plasm which beat upwards to drive any particles of dust, &c.. 
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back towards the throat. The bronchi subdivide into branches 
one for each lobe of the lung. The branches repeatedly sub- 
divide in the lung until each of the smallest branches ends in a 
microscopic air-sac {alveolus). The lung is a mass of these air- 
sacs {alveoli) and this accounts for the fact that the lungs appear 
spongy and float on water. (They are often called ‘lights’.) 

The pulmonary artery enters the lung at the top and divides 
into smaller arteries which repeatedly subdivide until theyform 
a capillary net-work on the walls of the alveoli. The capfllaries 
unite to form veins and these join together to become the 
pulmonary vein which leaves the lung at the top. The pul- 
monary artery brings to the capillaries from the heart blood 
which has no oxygen but has much carbon dioxide. It is 
called de-oxygenated blood and is not red, but purple. 

The walls of the capillaries are thin and the carbon dioxide 
passes from the blood through the walls into the alveoli, while 
oxygen passes from the alveoli into the blood where it com- 
bines with the haemoglobin. The blood which passes from the 
lungs to the heart by the pulmonary vein is, therefore, oxygena- 
ted blood. (The pulmonary artery is the only artery which 
carries de-oxygenated blood; and the pulmonary vein the only 
vein to carry oxygenated blood. A vessel carrying blood from 
the heart is called an artery; a vessel carrying blood to the 
heart is called a vein.) 

As in the case of the frog, the heart pumps the oxygenated 
blood to all parts of the body and the gaseous exchange 
between the blood and the living cells takes place through the 
capillary walls, the blood losing oxygen and receiving carbon 
dioxide. The de-oxygenated blood then goes to the heart 
whence it is pumped to the lungs to be oxygenated. 

Respiration in Man compared with that of the 
Rabbit and the Frog 

Frogs, rabbits, and human beings all belong to a very large 
class of animals called back-boned animals {vertebrates). The 
class includes also birds and fishes. In this class lung breathing is 
not umversal. Rabbits and human beings belong to a smaller, 
but still large, class of animals called mammals. All mammals 
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have a diaphragm; the lungs of a rabbit may be talfPn as a 
type of mammalian lungs. The frog has no diaphragm, nor 
are there alveoli in the lung, though it is much folded. The 
mammalian lung is much more efficient than that of the frog 
because there is a much greater area over which gaseous 
exchange can take place. In man there are probably some 
700,000,000 alveoli giving a respiratory surface with an area of 
60 to 100 square yards. Whereas air is forced into the lungs of 
the frog, the mouth cavity acting as a force pump, in the 
mammal air is ‘sucked’ in by reduction of air pressure in the . 
lungs. On the other hand, the frog has additional methods of 
respiration and respires under water. No mammal is able to 
breathe under water. Even the whale, which is a mammal, 
must come to the surface to breathe. In manunals, although 
the skin does not have anything like the same respiratory value, 
it is probable that in man something like one-fiftieth part of the 
carbon dioxide excreted each day is given off dissolved in the 
sweat of the skin. As well as excreting carbon dioxide the skin 
of the frog absorbs both oxygen and water, but the absorbing 
power of man’s skin is practically negligible. 

RESPIRATION OF FISHES 

Let us now see how fishes respire. They are vertebrate animals 
but it is evident that they cannot breathe by lungs. 

Watch a fish in an aquarium. It opens its mouth, takes in water, 
and then closes its mouth. This goes on repeatedly. We shall see that 
these-are breathing movements. 

Examine a dead mackerel or herring. Note the slits on each side 
of the 'fish. These are called gill-slits, and are openings to the gill 
chambers. Lift the flap (operculum) covering the gill-slit and examine 
the gills. Note the gill arches lying one over the other with a giU cleft 
between each pair opening into the pharynx (Fig. 67). Each arch 
bears bright-red gill filaments, a large area of gill being exposed to the 
water. The fish takes in water by the. mouth. When ffie mouth closes 
the water is forced into the pharynx. This contracts and the water is 
forced through the gfil clefts, then into the gill chamber, and so out 
through the gill-slit. 

The gill filaments contain numerous blood capillaries filled 
with de-oxygenated blood. As the water passes the gill 
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filaments, the oxygen dissolved in the water combines with the 
haemoglobin in the blood, which gives up its carbon dioxide to 
the water, in which it dissolves. 

The heart of the fish pumps dc-oxygenated blood through 
the gills where it becomes oxygenated. The blood then goes 
to all parts of the body without first returning to the heart. This 
is different from the circulation in the frog and the rabbit. It 
does not return to the heart until it is again de-oxygcnated. 

Gills are adapted for extracting the oxygen dissolved in 
water. They cannot take oxygen from the air. A fish out of 
water dies for lack of oxygen; a human being in water dies for 
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Fio. 67. The external features of a fish (herring). 


the same reason. A frog seems to have made the best of both 
worlds. It is called an amphibian. 

During one period of its life a frog has no lungs and respires 
by gills. At this stage of its development it is called a tadpole, 

. and lives like a fish. It would die if kept out of water for long. 
When the tadpole first leaves the jelly it has no mouth and so 
internal gills, like those of the fish we have studied, are impos- 
sible. Instead it has tiny filaments projecting from its sides by 
which it respires. When the mouth appears the external gills 
disappear, and internal gills, almost like those of a fish, appear. 
As the frog develops, it acquires lungs as breathing organs, and 
the internal gills finally disappear (Gh. XLVIII). 

RESPIRATION IN INSECTS 
We have seen that the essential feature of respiration is that 
all living cells shall receive an adequate supply of oxygen and ■ 
the waste carbon dioxide shall be removed from them. In 
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almost all large animals the blood is brought to a special 
respiratory organ, lung or gill, there receives oxygen, and 
transports it to the cells of the body which it bathes. In insects 
the air is taken direct to every part of the body by a system of 
branching tubes, thus avoiding the necessity of having to be 



Fig. 68. Trachea. 


carried by a respiratory fluid. These tubes, known as trachea 
(Fig. 68), reach the surface of the body at openings called 
spiracles. The large tubes are prevented from collapsing by a 
spiral thicltening on the inside of the wall, resembling the metal 
wire on a garden hose. Contraction of special muscles in the 
wall of the abdomen causes air to be driven out of the trachea; 
when the muscles relax, more air enters. These movements can 
readily be observed on a living wasp or dragon-fly. 

This method of respiration in insects is remarkably efflcient, 
an obvious necessity when one considers the extremely active 
life led by such animals. 
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ANIMALS IN RELATION TO AIR 
RESPIRATION IN SOME VERTEBRATE ANIMALS 


ca. 


Method 

Vertebrates {Back-boned animals) 


Mammals 

Amphibians 

Fishes 

Suc]cl6 their young; 
have hair on the 
body, e.g. man, 
rabbit. 

Live in both air and 
water, e.g. frog. 

Live in 
water 
only, 
c.g. cod. 

By means (ff 
Lunos 

Well developed, with 
alveoli. 

Only method. 
Diaphragm, 

Ribs. 

Not well developed; 
folded but no 
alveoli. 

No diaphragm. 

No ribs. 

None. 

Gnjs 

None. 

None in adult. 

Present in tadpole 
stage. External gills 
at first, then inter- 
nal gills. 

Only 

method. 

Skin 

Some excretion of 
carbon dioxide. 

A very important 
method in the adult 
stage. 

None. 

Mucous Mem- 
brane OF 
THE Mouth 

None, 

An important method. 

None. 


WHAT IS THE PURPOSE OF RESPIRATION? 

This question is going to lead us a long way before a satis- 
factory answer is possible. We have seen the connexion 
between respiration and oxidation; and we know that in at 
least one case heat is produced during respiration. Is the 
production of heat the purpose, or one of the purposes, of 
respiration? We know that human beir^ and many other 
ammals keep up a temperature usually higher than that of 
their surroundings; but there are many animals (the frog, for 
example) which do not do so. Why do such animals respire? 

Then there are the plants. Do they respire to produce heat? 
If so, what becomes of the heat? Why is carbon dioxide pro- 
duced during respiration? Carbon must have been oxidized, 
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but where does the carbon come from? Is carbon a constituent 
of all living matter? It would appear so from what we know of 
respiration. 

Is there any other product of respiration beside carbon 
dioxide? To dl these questions we must try to find answers, 
and it will be necessary to learn something about the chemistry 
of some of the constituents of living matter. But first let us 
study the relations of plants to air. 


QUESTIONS 

1. State all the differences you know between the air inspired and 
that expired by a human being. Describe two experiments by which 
you would show two of these differences. 

а. An earthworm respires through its skin. Why is this method 
unsuitable for human beings? 

3. Describe in detail how a frog respires. 

4. Who first demonstrated the circulation of the blood, and who 
first observed it? What part does the blood play in respiration? 

5. Compare the lungs of a frog with those of a human being (or 
rabbit). The system of ‘lung breathing’ in the frog is not very 
efficient. How does the frog overcome the disadvantage of such poor 
lungs? 

б. What part does the diaphragm play in the respiration of the 
rabbit (or man)? 

7. Describe the process of artificial respiration. When should it be 
used and for how long? 

8. What is an ‘iron lung’? What is it used for and what is the 
principle of its action? 

g. Compare the respiration of an insect (e.g. the house-fly) with 
that of the back-boned animals (e.g. man, &h, the frog). What 
common feature belongs to all? 



VI 


PLANTS IN RELATION TO AIR 
I. RESPIRATION 

We have seen that animals respire by taking in oxygen and 

giving out carbon dioxide, and 
that the oxygen must reach the 
living, cells of the animal. Plan t* 
are living things, and we must now 
sec if they respire in the same way. 
There is one obvious difference, 
of course. We can often see the 
breathing movements of animals 
but we cannot see any movements 
in plants which suggest they are 
respiring. 

Let us perform some simple cx' 
periments which will help us to 
discover if plants respire. 



Soaked seeds 
Wet cotton 
mol 


-Heiahl of 
solution after 
a few dai/s 




-Caustic potash 
solution 


Fig. 69. To show that ger- 
minating seeds give off carbon 
dioxide. 


OXYGEN AND CARBON 
DIOXIDE EXCHANGE 

Expt. 8y. Place some soaked seeds 
on wet cotton-wool in an inverted 
flask as shown in Fig. 69. The flask 
is fitted with a bung through which 
passes a piece of glass tubing. Fix up 
the apparatus so that the end of the 
tubi^ is below the surface of some caustic soda (or caustic potash) 
solution. 

Set up a similar apparatus as a control, but this time use seeds 
which have been kill^ by boiling. 

Examine them after a day or two. It will be found that the caustic 
soda solution has risen in the tube of the first apparatus but not (or 
only slightly] in the control experiment. 

The diminution in volume means that carbon dioxide has 
been absorbed by the caustic soda solution. This carbon 
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dioxide formed, must have taken the place of oxygen in the 
original air. Thus in respiration oxygen is absorbed from the 
air and an almost equal volume of carbon dioxide is given off. 
You can test this by repeating the experiment but putting the 
end of the tube into water instead of caustic soda. 

The experiment should be repeated using flower-heads, or 
pieces of potato, or well-washed roots instead of the soaked 
seeds. 

Expt. 88. Another way of shovnng that a plant evolves carbon 
dioxide is to use the apparatus in which we showed that an animal 



gave off carbon dioxide (p. 88). In place of the animal substitute a 
small pot-plant. The jar containing the plant must be covered with 
black paper. The reason for this will be seen later. 

The plant gives off carbon dioxide. 

RESPIRATION OF GERMINATING SEEDS 

Expt. 8g. Four some clear lime-water into three wide-mouthed 
jars, A, B, C, In A suspend from the cork (Fig. 70) a muslin bag of 
soaked peas. In B suspend a similar bag of dry peas, and in C a bag 
of peas which have been boiled and so killed. Watch the lime-water 
day by day, and note in which jar it first becomes cloudy. 

The soaked peas begin to germinate and growth is vigorous. 
Just as we give out more carbon dioxide when we are active 
than when we are resting, so the peas give out more carbon 
dioxide when germinating than when resting. The dried peas 
are in the resting state and give out very little carbon dioxide. 
We assume that the dried peas give out some carbon dioxide 
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because they are alive, but the amount is so smal] that it does 
not cause any cloudiness in the lime-water. The boiled peas 
are dead and do not liberate any carbon dioxide until thev 
begin to decompose, the carbon dioxide then liberated bein? 
due to the activity of bacteria and not to that of the seeds. 

This experiment should be performed again using in 4 a 
peeled potato, in B an unpeeled potato, and in C a peeled 
boiled potato. Which gives out the most carbon dioxide? Can 
you account for the result? 

The Production of Heat during the Respiration 
OF Seeds 

Expt. go. Put some damp cotton-wool into a vacuum flask. On to 
this drop some moist mustard seeds 
and then anotlier layer of damp cotton- 
wool. Bore two holes through the 
cork, one to receive a thermometer, 
and the other to receive a piece of 
glass tubing. Insert the cork so that 
the bulb of the thermometer is sur- 
rounded by the mustard seeds. The 
glass tube should not reach the mus- 
tard seeds. Support the flask in the 
inverted position shown in Fig. 71. 
Arrange a ‘control’ in which the seeds 
and cotton-wool are dry, but every- 
thing else the same. Place the two 
flasks near each other and take read- 
ings of the thermometers at least once 
a day. 

The moist seeds germinate but the dry ones do not. The 
carbon dioxide produced escapes by the glass tube; it is a 
heavy gas and travels downwards. What do you notice about 
me ridings you have taken? Can you account for the fact 
that the flMk containing the germinating seeds is warmer than 
the other flask? 

We know that when seeds germinate carbon dioxide is 
produced, and we now learn that heat is produced also. This 
renunds us very much of the burning of carbon in the air. In 
both cases carbon dioxide and heat are produced. In respira- 
tion, oxidation of carbon compounds takes place. 


Damp 

cetton- 

wool- 



Vacuum 

flask 

•Germinakinq 

suds 

Ihermomektr 


Fia. 71. Production of heat 
during respiration of seeds. 
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HOW A PLANT RESPIRES 

Plants and animals are alike in that they both take in 
oxygen and give out carbon dioxide. Every living cell npe ds 
oxygen, and we saw that in those animals possessing a blood 
system the blood carried the oxygen from the respiratory 
surface to all parts of the body. There is nothing corresponding 



Fio. 73. The formation of intercellular spaces. 


to this in the case of plants, and yet in some way or other, each 
living ccU of a plant, no matter how deeply seated, must have 
oxygen. How is this effected? 

When cells are first formed in a plant by the division of one 
cell into two, they are closely packed. The cell walls touch 
each other all round; but as they grow older the cell walls 
split apart in places, usually at the corners (Fig. 72). In time 
the intercellular spaces so formed make a continuous system 
throughout the plant. These spaces are filled with air, probably 
a little different in composition from that of the atmosphere. 

Examine cross-sections of different parts of a plant; the root, the 
stem, and the leaf. Note the intercellular spaces between the cells 
(Figs. II, 13). 

The interceUular spaces are in communication with the 
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atmosphere, in the leaves and all green parts of the stem. In 
the skin (epidermis) of these parts occur the stomata. These are 
used for the passage of gases as well as for the passage of water 
vapour. The stomata are very small holes. We shall see that 
this is an advantage to the plant (p. I2i). 

Where the plant is hard and woody, there are no stomata, 
but the intercellular spaces are in communication with the 
outside atmosphere by means of lenticels. 

LENTICELS 

Examine twigs of elder and 
birch. Look for long, narrow, 
transverse slits on the bark. They 
are very conspicuous on the white 
bark of the older branches of the 
birch (Fig. 73). These slits are 
called lenticels. Strip the cork 
layer from the twig and note that 
the lenticels are not merely on the 
surface, but go right through to 
the underlying tissues. Look for 
lenticels on other plants. Cut 
sections of elder, birch, and other 
plants through the lenticels and 
examine them. If you cannot do 
this, examine a prepared slide 
of a section through a lenticel. 
Compare it with Fig. 74. 

Underneath the epidermis 
of the stem there is a ring of 
closely packed cork cells. Ordinary cork cells are impervious 
to gases and water. A lenticel is a break in this ring. Instead 
of the cells being closely packed, there is a mass of loosely 
packed cork cdls through which gases can travel. Where there 
is a deep layer of cork, the lenticel is a long passage of loosely 
packed cells forming a duct. This passage is continuous with 
the intercellular spaces in the plant. During the winter the 
lenticels arc closed by the formation, at the end of the season, of 
a thin layer of the ordinary, dosely packed cork cells, so-called 
winter cork. During this period the plant is not growing and 



' Fio. 73. Sprigs of (a) birch, (h) 
dder, showing lenticels. 
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respiration is reduced to very small proportions. There is 
therefore, no need for lenticels. If these remained open while 
the plant is inactive, it is possible that bacteria causing disease 
might enter the plant. It is also better that the plant tissue 
should be protected as far as possible from the frost and cold 
of winter. When growth starts the following season the stem 



expands, and the cork sheet is broken at these weak places so 
lentieds become filled with alternating zones of powdery tissue 
and ruptured layers of cork. , 


CONTINUITY OF INTERCELLULAR SPACES 

Espt. 91. Place a twig of a plant which shows lenticels under 
very hot water. Note the bubbles of gas which come from the lenticels. 

Ezpt. 92. Put the blade of a leaf into water and blow with the 
mouth through the leaf-stalk. You may see bubbles of gas coming 
from the surface of the leaf which has stomata. If you do not, fasten 
the leaf-stalk {petiole) to a bicycle pump by stout pressure tubing and 
blow air through. Bubbles will now certainly come from the stomata. 
This shows that there is continuity between the leaf-stalk and the 
stomata. 

Ezpt. 93. Put some water into ajar, fitted with a two-holed rubber 
stopper. Through one hole fix the petiole of a leaf so that the end of 
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the petiole is in the water. Through the other hole fit a glass tube 
the end of which is not in the water. Using an exhaust pump fastened 
to the other end of the glass tube, draw air from the jar. If the 

apparatus (Fig. 75) has been made 
air-tight, bubbles of gas will be seen 
to leave the cut end of the petiole. 

RESPIRATION OF 
aquatic PLANTS 

How do plants which are sub- 
merged, or partially submerged, 
respire? In those plants whose 
leaves float on the surface of the 
water, e.g. the lilies and the 
water crowfoot, the stomata are 
on the upper surface of the 
leaf, and not, as is usual, on 
the under surface. 

Skin off the upper epidermis of the water crowfoot and examine it 
with the high power of the microscope. Do the same for the lower 
epidermis. 

Further, intercellular spaces in aquatic plants are very large. 

Tease out the stem of an aquatic plant, e.g. Elodea (Canadian pond- 
weed), in a little water. Examine under the microscope. You will 
find it difficult to cut sections of stems of water plants because the 
tissues are so soft, due largely to the number of intercellular spaces. 
Try with the stem of a lUy. If you do not succeed, examine a pre- 
pared specimen (Fig. 76). 

The individual cdls of the water plant must depend very 
largely for their oxygen supply on the air in these inter- 
cellular spaces, but some air passes from solution in the water 
through the epidermis of the stems and leaves. The epidermis 
of Ae submerged parts of water plants is usually thin. In 
aerial parts the epidermis is thicker to prevent desiccation. 

Comparison op Animal and Plant Respiration 

We have shown that respiration is one of the essential 
characteristics of life and takes place in every living cell 
whether of a plant or an animal. In both plants and animals 
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oxygen is consumed and carbon dioxide, among other waste 
products, liberated. 

The plant has no special respiratory organs and there are no 
breathing movements. Plants are much less active than ani- 
mals, and therefore do not need as much oxygen, so that the 



Fig. 76. Section of stem of Fotamogeton showing air 
passages in the cortex. 

slow process of diffusion is sufficient. Animals on the other 
hand are active and need a rapid and plentiful supply of 
oxygen. 


THE DIFFUSION OF GASES 
There is no definite circulation of air through the inter- 
cellular spaces of a plant, corresponding to the circulation of 
blood (carrying oxygen and returning with carbon dioxide) in 
many animals. How then does the air get changed, or is it 
always stagnant? To understand this we must first study the 
diffusion of gases. 

If some ammonia gas is released in the comer of a room, 
those standing in the opposite comer are soon aware of it by its 
smell. Some of the gas travels quickly and soon it is spread 


120 


Parous pot 



\^ir 


Carbon 

dioxide 


PLANT RELATIONS TO AIR ch. 

equally all over the room. If a jar of oxygen is placed mouth 
downwards over ajar of carbon dioxide, the two gases in time 
SO that oxygen and carbon dioxide are eventually equally 
distributed throughout the two jars. Some of the carbon 
dioxide, in spite of its greater density, 
rises to the jar previously occupied by 
the oxygen. If the jars are placed with 
the carbon dioxide on top and the oxy- 
gen underneath, the gases mix much 
more quickly, because their relative 
densities help. The point is, however, 
that even when the densities do not help, 
the gases mix. 

We have already met diffusion in 
liquids (p. 29). Gases diffuse much 
more quickly than liquids. Compare the 
speed with which ammonia diffuses in 
a room, with the speed at which a drop 
of dye put in a beaker of water spreads 
uniformly through the water. In the 
latter case it may take a week. Solids 
when in contact rarely diffuse, and when they do, it is usually 
a very slow process. Gold will diffuse into lead but it is a few 
years before any gold can be detected in the lead. 

Gases will diffuse through porous membranes or plates, 
Air, for example, will diffuse through the brick walls of a room. 
^ The rate at which a g£is diffuses depends partly on its density 
and partly on the size of the pores in the membrane. The 
denser a gas, the more slowly it diffuses through a porous 
membrsme; but the relation is not one of simple variation. 
The fact is known as Graham’s Law of Diffusion, and is 
stated : ‘The relative speeds of the diffusion of gases are inversely 
proportional to the square roots of their relative densities.’ 

&pt, 94. Fix a porous pot (one of the kind used in battery cells is 
suitable) to the end of a U-tubc as shown in Fig. 77. Hold a beaker 
containing carbon dioxide so that the porous pot is in an atmosphere 
of that gas. The air diffuses out more quickly than the carbon dioxide 
diffuses in. There is a reduction of pressure and the coloured liquid 
moves upward. 


Fto. 77. Diffusion of 
gases. 
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The above law applies to dry gases. It has been shown that 
the law docs not apply when the porous membrahe is wet. In 
this case the more soluble gas diffuses more quickly ; for example 
carbon dioxide will diffuse more quickly than oxygen through 
a wet membrane, but through a dry one the rates of diffusion 
are in the reverse order. 

It has been found that a gas diffuses much quicker through 
a number of very small holes than it does through a single 
opening of the same total area. This is very important from 
the point of view of plant respiration through stomata. The 
number of stomata on a leaf may be millions; the number on 
a broad bean leaf must be reckoned in hundreds of thousands. 
Yet the total area of the openings is very small compared with 
the total area of the leaf. Nevertheless, it has been ralpnlatH 
that the diffusion of air through the stomata of a leaf is as 
effective as if the whole area of the leaf had been used for that 
purpose. 

AIR IN THE INTERCELLULAR SPACES 

We now see how it may be possible for all the living cells of 
a plant to be in contact with the gases that arc in the atmo- 
sphere. The spaces are continuous in the plant, and in com- 
munication with the outside air by means of stomata a n d 
Icnticels. The gases of the atmosphere diffuse through these 
openings and finally reach, by diffusion, all the cells of the 
plant. Any gas given off by any cell of the plant, if passed into 
an intercellular space, can by diffusion reach die outside 
atmosphere. There is no certainty that it will reach the out- 
side atmosphere, because it may enter into a chemical reaction 
within the plant; but there is free communication between the 
gases in the plant and the gases in the air outside. 

The composition of the air in the intercellular spaces will 
be different from that of the air outside because the rates of 
diffusion of the gases are different, and so are their solubilities 
in water; but whatever its composition, it will contain all the 
gases of the air in some proportion or other. 
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QUESTIONS 

I. Every living cell requires oxygen for respiration. How do plants 
and the higher animals differ in the ways oxygen reaches all the cells? 

8. How do aquatic plants obtain their oxygen for respiration? 
Illustrate your answer by reference to the structure of (i) a plant 
similar to Spirogyra, and (2) the water crowfoot or Elodea (Can^ian 


g. Draw a labelled diagram of the apparatus by which you would 
show that a frog gives out carbon dioxide during respiration, How 
would you modify the experiment to show that a green plant respires 
with the same result? 

4, How would you show that the intercellular spaces in a plant 
are continuous? How are they in communication with the atmo- 
sphere? 


A. Give a brief account of the rrapiratory system in man. In what 

respects does the respiration of an herbaceous plant differ from that of 
man? _ _ [N.J.B.] 

B, Describe, with the help of sketches, the respiratory tract and 
lungs of a mammal, and the mechanism by which the processes of 
inspiration and expiration are carried out. Point out the purposes 
served by the various structural features you mention. [N.J.B.] 
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PLANT RELATIONS TO AIR 

2. CARBON ASSIMILATION 

THE ACTION OF LIGHT ON GREEN PLANTS 

In Experiment 88 we showed that a green plant gave off 
carbon dioxide, but this was in the dark. We covered our 
plant with black paper to _ 
keep out the light. Let us 
now see what gas, if any, is 
given off by a green plant in 
the presence of sunlight. 

Expt.gs. Fut some Canadian 
water weed (Elodea), or any 
other water plant such as Spiro- 
gyra or even watercress, in a 
beaker of ordinary tap water. 

Cover it with an inverted funnel 
as shown in Fig. 78 and arrange 
an inverted test-tube lull of 
water to collect any gas given 
off. Place it in diffused sun- 
light. The experiment teorks well 
on a smny day in a warn room. 

Watch the bubbles of gas 
which rise from the plant and travel to the top of the test-tube. When 
there is sufficient to test, remove the test-tube and place a glowing 
splint in the gas. It relights the glowing splint, so the gas is either 
oxygen or a mixture of gases rich in oxygen. (The experiment will 
work better if the water is previously saturated with carbon dioxide.) 

Remove the apparatus from the light and repeat the experiment in 
the dark. There is little or no gas given off and certainly none that 
will relight a glowing splint. The carbon dioxide given off in respira- 
tion aU dissolves in the water. 

The plant gives off oxygen in the light but not in the dark. 

Expt. g6< Boil some tap water to expel the air. Repeat the above 
experiment with this water. Be careful that in the cooling and fitting 
up of the apparatus, the water does not dissolve any more air than 



Fio. 78. A green plant gives out 
oxygen in the sunlight. 
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performed, and in a great percentage of cases the plant dies 
before the plant in the control, it may be taken that it is very 
likely that the plant dies earlier because it has been deprived of 
carbon dioxide. Later, a better, but more indirect, experiment 
will be performed to show that a plant cannot live long without 
carbon dioxide. 

"We have not yet answered the question at the head of this 
paragraph, but we have shown: (i) it is very likely that a 
plant will die in the absence of carbon dioxide; (2) if the plant 
does take carbon from the carbon dioxide of the air then the 
air left is richer in oxygen. Can we possibly find an answer to 
the question; Does the plant, in the presence of sunlight, take 
carbon from the carbon dioxide of the air ? If it does, then the 
carbon must be in the plant in some form or other. Of course 
it need not be in the form of the element. Free carbon cannot 
be found in any part of the plant. It could be combined with 
something else to form a compound. 

We must try to find in the plant, then, a compound of 
carbon. If we find this present after the plant has been in the 
sunlight for some time, and absent after the plant has been in 
the dark for some time, then it would seem that the plant does 
indeed take the carbon from the carbon dioxide of the air, 
leaving oxygen. 

STARCH IN THE LEAF OF A PLANT 

Ezpt. 99. Take a pinch of laundry starch and shake it up with 
water in a test-tube. It does not dissolve. Boil the water in the test- 
tube. Take a little of the jelly-like solution obtained, in another 
test-tube, and add water. To this add a solution of iodine (dissolve 
a little iodine in a solution of potassium iodide in water). The liquid 
containing the starch turns blue. Warm the solution; the colour 
disappears. Cool it again; the blue colour returns. 

This is known as the iodine test for starch. Conversely it may, 
of course, be used as a test for iodine. 

Ezpt. loo. To test a ^een leaf for the presence of starch. 

Kill a green leaf, e.g. geranium or nasturtium, by placing it in boiling 
water for a few seconds. Place the leaf in a small beaker of methylated 
spirits (i^e the colourless variety of spirits known as industrial methy- 
lated spirits) standing in a beaker of hot water. This will remove the 
green colouring matter {chlorophyll) from the leaf. When the leaf is 
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decolorized, wash it in water. Place it in a dish containing iodine 
solution. The parts containing starch will turn blue. 

Unfortunately for this test, iodine stains various parts of the leaf 
yellow and brown, so the blue colour is masked. It looks more black 
than blue. You may not find starch in the first leaf you examine . 
Try one which has been in the sunlight all day. 


What is the Influence of Light on the Production 
OF Starch in the Leaf? 



Fig. So. Experiment to show that starch is formed only in those green cells 
which are exposed to Ught. 


Ezpt. loi. Take a healthy plant growing in a pot. Cover one part 
of one leaf with a strip of black paper or tin foil kept in position by 
clips. (A pattern may be cut out of the paper as shown in Fig. 80.) 
Place the plant in diffused sunlight all day, and then examine for 
starch the leaf which has been partially shaded. 

You will find that the uncovered p.art of the leaf turns blue with 
the iodine test, but that the covered part is brown. If you have cut 
out a pattern on the paper, you will find that it is reproduced on the 
leaf. 

In the sunlight the green leaf manufactures starch; in the 
dark it does not. The starch is made only in that part of the 
leaf which has received the light. 

Ezpt. loa. Stand the plant in a dark cupboard for two days and 
then test a leaf for starch. There is none. Where has the starch gone? 
We know that there was some there before the plant was put in the 
cupboard. Now there is none. Put the plant in the light again for a 
day and test a leaf for starch. Has more starch been made? 

Starch manufactured during the daylight disappears during 
the night. We shall have to find out later what becomes of it. 
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'■ Will a Plant manufacture Starch in the Absence 
OF Carbon Dioxide? 

Expt. 103. Take a leaf (a primrose leaf is suitable) from a plant 
which has been kept in a dark cupboard for two days. It should then 
contain no starci. Put the leaf so that part of it is in the air of a small 
jar containing some caustic soda solution and part of it is in the 
ordinary air outside. Allow the stem to dip in water so that the leaf 
will not die for lack of it. Arrange a control with water in the jar 
instead of caustic soda solution. Be sure that everything else in the 
control is the same. Place the experiment and the control together in 
diffused sunlight all day. Test both leaves for starch. 

The part in the jar does not manufacture starch, the part 
outside does. In the control both parts of the leaf, inside and 
outside, manufacture starch. The part of the leaf in the jar 
containing caustic soda solution had no carbon dioxide, for 
this was absorbed by the caustic soda solution. Plants in the 
absence of carbon dioxide do not manufacture starch. 

Is Chlorophyll necessary for the Manufacture 
OF Starch? 

Expt. 104. Stand a geranium plant having ‘variegated’ leaves in 
the light all day, and test one leaf for starch. The pale part of the 
leaf shows no starch; the other part does. The pale part has no 
chlorophyll in it and it produces no starch. 

This experiment is not conclusive because the pale part may 
have had some substance present which prevented the forma- 
tion of starch. It has, however, been found that starch is never 
manufactured from carbon dioxide in any part of a plant which 
contains no chlorophyll. Those parts of a plant containing 
chlorophyll, even if they are not leaves, manufacture starch. 

There arc some plants, e.g. the fungi (mushroom, toadstool, 
&c.) which possess no chlorophyll. These are unable to manu- 
facture starch from the carbon dioxide of the air. 

The Manufacture of Sugar and Starch in the Green 
Part of a Plant 

The aim of the preceding experiments has been to determine 
the conditions under which starch is fotmd in the leaf. If the 
same experiments are performed with leaves from certain 
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III. Root hairs (greatly enlarged) of Lucerne, a common 
fodder plant of the Pea family 
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plaints called monocotyledons, it is found that in a number of 
these, e.g. those of the onion, no starch is present. Not all 
leaves make starch, but all leaves make sugar. 

Expt. 105* Make a solution of glucose (grape sugar) and add a 
little Fehling’s solution.' On warming, a yellow or red precipitate 
should be obtained. Repeat the experiment using cane sugar. No 
precipitate is formed. Add a few drops of dilute sulphuric or dilute 
hydrochloric acid to a solution of cane sugar and boil before adding 
Fehling’s solution, A precipitate is now formed. This is because 
warming with acid converts the cane sugar into simpler sugars like 
glucose. 

Expt. 106. Take a young leaf of an onion, chop it up into small 
pieces and warm with a little water in a basin. Decant the liquid into 
a test-tube, add a little Fehling’s solution and boil. A reddish-brown 
precipitate indicates the presence of sugar. With some leaves of other 
plants no precipitate is formed. 

We have seen that green leaves, when exposed to sunlight, 
contain sugar and starch. Some leaves contain only sugar, 
some a little starch and much sugar, others much starch and 
little sugar. The sugar is made before the starch. Both are 
classed as carbohydrates (p. 137), and both can be decomposed 
into carbon and water. The plant, in the presence of sunlight 
and with the aid of chlorophyll, can manufacture sugar 
(glucose) from carbon dioxide and water. The oxygen not being 
required is released. The chlorophyll uses the light for this 
purpose somewhat as a chemist uses the heat of a bunsen for 
maMng substances react. Sugar and starch differ in that sugar 
is soluble but starch is insoluble in cold water. 

When the sugar is made from the carbon dioxide and water, 
it dissolves in the cell sap. It is probable that if the cell sap 
becomes too concentrated by the dissolved sugar, no more 
sugar is manufactured. In most plants the sugar changes into 
insoluble starch and is stored in the cell for a time. This is true 
for most plants, but it cannot be true for all, because in some 

' Fehling’s solution is kept in two separate bottles, from which equal parts 
are mixed just before use. The solutions are made up as follows: 

Bottle A — Dissolve in i litre of water 70 gm. of copper sulphate crystals. 
Bottle B — Dissolve in i litre of water 350 gm. of Rochelle salt and 100 gm. 
of caustic soda. 
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plants, e.g. the onion, the sugar is not changed into starch but 
remains in the leaves in great quantity. 

Carbon assimilation, i.e. the process of combining the carbon 
from the carbon dioxide of the air, with water from the 
soil to form either sugar or starch, is sometimes called pkoto- 
syntkesis. The first part of this word draws attention to the part 
light plays in the process, while the second part reminds us that 
the process is the ‘building up’ of a compound which is more 
complex than the compounds (carbon dioxide and water) 
from which it is made. Both terms, carbon assimilation and 
photosynthesis, are in common use j both have their advantages 
and both have their disadvantages. 

The Balance of Gakbon Dioxide and Oxygen in the Air 

Perhaps you have been wondering if respiration goes on 
during periods of daylight. In respiration the plant takes in 
oxygen and gives out carbon dioxide. This is easily detected 
during the periods of darkness, because no photosynthesis is 
then taking place. Respiration does not cease during the day 
but takes place side by side with photosynthesis ; so that respira- 
tion occurs all the time a plant is alive. When a plant gives out 
oxygen during photosynthesis, part of the oxygen is used in 
respiration; but there is more oxygen given out during photo- 
synthesis than the plant can use in respiration. The carbon 
dioxide given out by a plant during respiration in the daytime 
is taken in by the plant in the process of photosynthesis. Carbon 
dioxide is also taken in from the air because there is not suffi- 
cient produced by the process of respiration. 

It must not be supposed that the plant actually gives out 
carbon dioxide which is then taken in during the process of 
photosynthesis. No doubt the gaseous exchange takes place 
inside the leaf. Let us summarize these processes : 


Period | 

Process 

Gases absorbed | 

Gases evolved 

Night-time 

Respiration only 

Oxygen 

Carbon dioxide 

Day-time 

Respiration 

Oxygen 

Carbon dioxide 


Photosynthesis 

Carbon dioxide 

Oxygen 
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The net result of the two processes taking place during the 
day is that carbon dioxide is taken in and, oxygen given out. 
It is still common to hear these facts described as follows: 
‘During the day a plant breathes in carbon dioxide and breathes 
out oxygen; while during the night a plant breathes in oxygen 
and breathes out carbon dioxide.’ This is not only loose 
language but is actually wrong. A plant respires by taking in 
oxygen and giving out carbon dioxide all the time. It never 
takes in carbon dioxide in respiration; the process of photo- 
synthesis is one of nutrition and not respiration. Another 
common error is not so serious but it betrays a lack of a sense of 
proportion. It is: ‘Flowers should be removed from a sick 
room at night because during that period they remove oxygen 
from the air and give out carbon dioxide.’ It is true flowers do 
this, but it cannot affect the patient because the amount is so 
small that it is inappreciable. It is good for the flowers to be 
removed from a warm room during the night and kept in a 
cool place. They will last longer, because the rate of respira- 
tion will decrease. 

The amount of carbon dioxide in the air is very small 
compared with the total amount of the air. In 10,000 parts 
(by volume) of air, only three to four parts are carbon dioxide; 
but the total quantity of that gas must be enormous. Great as 
this supply is, it would soon be exhausted by plants if it were 
not being continually renewed. Roughly h^ the dry weight 
of a plant is carbon, and all this has been taken from the air in 
the form of carbon dioxide. 

Carbon dioxide enters the air (i) as the result of the respira- 
tion of plants and animals including human beings, (a) during 
the processes of combustion, c.g. the burning of wood and coal, 
and the slow oxidation of matter containing carbon, and (3) by 
the action of bacteria in the soil (Ch. XLIV). 

The oxygen removed from the air during the respiration of 
plants and animals is returned to the air during photosynthesis 
in plants. As far as can be determined tire amounts of oxygen 
and carbon dioxide in fresh air remain almost constant. 



THE LEAF AND CARBON ASSIMILATION 

We learned something about the leaf when we were studying 
the relation of plants to water. We must examine the leaf more 
closely to understand the part it plays in carbon assimilation. 
We can learn much about the structure of leaves by examining 
suitable entire and fresh ones under the microscope. 

Examine a small leaf from the tip of the growing shoot of the 
Canadian pond weed (^Eladea). Mount the whole m water or 50 per 
cent, glycerine. Use first the low power and then the high power. 
Mount another one in water to which a little iodine solution has been 
added. Note the position of the blue parts and compare this specimen 
with that mountpd in water without the iodine. Mount another lea 
in caustic potash solution. This makes the leaf more transparent and 
some of the structures can be seen more clearly. In the same yray 
examine other small leaves. Choose those which are very thin. The 
tiny leaf of the Virginian stock is suitable. Put a larger and thicker 
leaf between two flat pieces of potato, carrot, or elder pith, and try 
to cut transverse sections of the leaf. Mount in the same way as you 
did the small entire leaves. Examine prepared slides of sections of 
leaves (Fig. 11). 

The skin {epidermis) of the leaf consists of a layer of cells the 
outer walls of which are thickened. The walls of most cells 
consist of cellulose, but the thickened walls of the epidermis 
are made of a fatty substance which is almost impermeable to 
water and air. In the epidermis occur the stomata. 

The tissue in the central part of the leaf is called the mesophyll. 
The upper part of the mesophyll consists of closely packed cells, 
longer than they arc broad, with the greatest length at right 
angles to the surface of the leaf. This is called the palisade tissw. 
The lower part of the mesophyll consists of cells loosely packed, 
with large intercellular spaces. This is called the spongy tissue. 

The cells of the mesophyll contain grains of a green substance. 
These are called chloroplasts and consist of granules of proto- 
plasm containing chlorophyll. The chloroplasts occur in much 
greater numbers in the palisade tissue than in the spongy tissue, 
but not in the cells of the epidermis except the ouaed cells. 

The starch is formed and stored for a time in the chloroplasts, 
in the form of small irregularly shaped granules. 
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Through the mesophyU run strands of conducting tissue, the 
so-called ‘veins’ of the leaf. These are enclosed in a sheath and 
arc continuous with the conducting vessels of the stem and root. 
They contain the same kinds of vessels. 

The ordinmy green leaf is well adapted to the function of 
photosynthesis. It is fla,t, and a large area is exposed to the 
light. The thickened epidermis acts as a screen which protects 
the chloroplasts from too much light and heat. The palisade 
tissue is so arranged that the effects of too much light can be 
counterbalanced. When the leaf is in diffused Hght the chloro- 
plasts collect at tlie top of the long cells so as to catch aU the 
light possiblej but in strong Ught, the chloroplasts arrange 
themselves along the length of the cell. The chloroplasts are 
disk-shaped, and when in this position the thin end of the 
■ chloroplast is exposed to the light and not the broad area. 
This is most easily seen in the duckweed and Tnr»« leaves 
because of their thinness. They lack screening layers and are 
thus more sensitive. 

The gaseous exchange between the plant and the air taVr-s 
place through the stomata as in respiration and in transpira- 
tion. The gases diffuse into the large intercellular spaces of the 
spongy tissue and so come in contact with all the cells of the 
mesophyU. It is in these ceUs that the sugar is made from the 
carbon dioxide and water in the presence of sunhght and 
chlorophyU. Sugar is not the first product of this reaction, but 
is the first easily-detected product. When the ceU sap is rich in 
sugar, the latter is changed into starch and stored temporarily 
in the chloroplasts. 

Conditions necessary for the Formation of Chlorophyll 

Expt. io7> Put a board on a lawn and leave it for a day or two. 
Remove the board and examine the grass. Note the colour and the 
length of the grass compared with that of the uncovered grass. 

Expt. io8. Compare some broad bean seedlings germinated in the 
dark, with others germinated in ordinary light. In each case note the 
colour and size of the leaves, the colour of the stem, where there is 
greatest growth in the stem, and the firmness of the stem. 

ChlorophyU does not develop in the absence of Ught, but it 
will develop in Ught which is too weak for the formation of 
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starch. A plant grown for a long time in the dark usually has 
long straggling stems, almost white in colour, small yellow 
leaves, and a greater growth of the soft parts compared with 
the hard parts. The chloroplasts themselves develop in the 
dark but they do not contain chlorophyll. That is why the 
usually green steins appear almost white. 

The chloroplasts of the leaf which has grown in the dark 
contain ctiohn, which gives a yellow appearance to the leaf. 
A plant having this appearance through being grown in the 
dark is said to be etiolated. When an etiolated plant is placed 
in the light it soon develops chlorophyll and becomes green. 
The gardener keeps soil round the leaf-stalks of celery so that 
they will not develop chlorophyll because he wants them to be 
white. If the soil were removed from the stalks they would 
turn green and would not be nice to eat. The heart of lettuce 
is also etiolated. If a potato, which is the swollen end of an 
underground stem, is left in the light, it turns slightly green, and 
those which occasionally appear above the ground are green. 

A plant grows quickly in the absence of light. This is an 
advantage to the plant, because the quicker it grows the sooner 
is it likely to reach a place where it will receive normal light. 
A green plant cannot live indefinitely in the dark because it 
cannot make sugar and must live on its reserve food supply. 

Chlorophyll \^1 not develop in the chloroplasts unless there 
is at least a trace of iron. This element docs not enter into the 
composition of chlorophyll, but it appears to be essential for 
its formation. Ordinary water and soil contain enough iron 
for this purpose, and in food stores and seeds of plants there is 
sufficient to last the plant for a very long time. It is therefore 
not easy to prove that iron is essential. Sometimes it is found 
that a plant has the appearance of etiolation even when 
grown in sunlight. The addition of a little of an iron compound 
to the soil in which it groivs often causes the plant to become 
green and healthy. Poor lawns are sometimes treated with 
sulphate of iron for this purpose. 
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STARCH 

Starch is a very important compound and we must learn 
more about it. 

Cut a very thin slice of potato and examine it under the micro- 
scope. Note the cell walla and the cells crowded with starch grains. 



Fig. 8i. Cells of potato showing starch grains, 
greatly magnified. 

Put on it a little iodine solution. The whole section appears almost 
black. Study Fig. 8i and try to identify the main feature in your 
preparation. It will not be easy to m^e out the structure of the 
starch grains in this way, but you can extract the starch grains from 
the potato and examine them. 

Expt. xog. To extract starch grains from the potato. Feel 
a raw potato and scrape it with a knife, allowing the scrapings to fall 
into a dish. Place the pulpy mass in a fine muslin bag. Squeeze the 
bag in a beaker of water. The starch grains pass through the muslin 
widi water and after a time settle on the bottom of the beaker. Decant 
and wash the grains with water. (You will lose some every time, but 
you need very few.) Make a suspension of the remaining grains in 
water and add some eosin stain (or methyl green). Put some of the 
stained suspension on a slide, cover with a cover-glass, and examine 
with the high power. Repeat, using iodine solution instead of eosin. 
You will now be able to see the shape of the grains (Fig. 82). 
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They are shaped like an oyster or mussel shell. Fine striations, 
nearly concentric, are on the surface. These lines show where 
successive layers of starch have been added. Starch grains 



One division ' mmm. Enlarged z x saale 


Fio. 8a. Starch grains. 

appear in many parts of a plant, and in most plants, but they 
are not all like potato starch. The grains occurring in different 
plants have characteristic shapes. Laundry starch consists of 
grains of starch extracted from plants in much the same way as 
you have extracted potato starch. 

THE COMPOSITION OF STARCH 

Expt. no. Heat some dry laundry starch in a dry test-tube, gently 
at first and flien more strongly. What is the colourless liquid which 
condenses on the cool sides of the test-tube? It looks like water. Test 
it with cobalt chloride paper or anhydrous copper sulphate. Note 
the smell. It resembles that, ,of burnt sugar. Put a lighted splint in 
the mouth of the test-tube. The gas takes fire. What is the appear- 
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ance of the substance left at the bottom of the test-tube? What sub- 
stance does it remind you oR Repeat with some more dry starch in 
another clean test-tube. Fit the latter with a one-holed cork and 
delivery tube which should lead into lime-water. Now heat the 
starch. The gas bubbles through the lime-water and turns it milky. 
Carbon dioxide is present in the gas. 

Starch is a compound of the element carbon, and the 
elements which malce up water. It is known as a carbohydrate. 
This name was given to it, and to other substances like it, when 
it was believed that it was simply a compound of carbon and 
water. In one sense it is; but it is not a simple compound. This 
is shown by the fact that on heating, a gas is given off which 
smells and another which burns. These cannot be carbon 
dioxide. 

THE ACTION OF WATER ON STARCH 

Expt. III. Put a little starch in cold water in a test-tube, and 
shake. Does the starch dissolve? Boil the water in which the starch 
is suspended. At least some of it now dissolves. The appearance of 
the solution is sometimes called opalescent. 

Mix a little starch with cold water so as to make a paste. Add 
boiling water. A thick gelatinous mass is obtained which, on cooling, 
sets like a jelly. Take a little of this and add it to cold water. Add 
iodine solution. The blue colour is obtained. 

The granules of starch are insoluble in cold water, but when 
heated with water the granules swell and burst. The starch in- 
side the granule, called granulose, escapes and dissolves in the 
hot water, but the starch which forms the wall of the granule 
■is insoluble in hot water. The former is often called ‘soluble 
starch’. 

THE ACTION OF DILUTE ACIDS ON STARCH 

Ezpt. 112. Make a weak solution of starch. Cool it, and dmde it 
into four equal portions. A, B, C, D, To A add one drop of iodine 
solution, note the blue colour and put the solution aside for reference. 
To B add a few drops of dilute hydrochloric acid and boil for a few 
minutes. Cool and add one drop of iodine solution. What do you 
notice about the colour? Compare it with the colour of There is 
not so much starch in B as in A, Some of the starch must have been 
changed into something else by boiling it with acid. What has it been 
changed into? 
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To C add a few drops of Fehling’s solution, and boil. Put aside for 
reference. To D add a few drops of dilute hydrochloric acid and boil 
as you did B. Now add a few dro^ of Fehling’s solution and boil. 
Note the yellow-red precipitate. Did you get this precipitate to the 
same extent (if at all) in C? 

When starch is boiled with water to which has been added a 
little dilute hydrochloric acid, the starch is changed to a sub- 
stance which gives, on boiling with Fehling’s solution, an 
orange precipitate. The substance into which the starch is 
changed is called glucose. It is a sugar and is soluble in water. 

The starch has been very easily changed into sugar. It 
reacted with water only, the hydrochloric acid acting as a 
catalyst. There was as much add left at the end of the reaction 
as there was to begin with. The reaction was simply between 
the starch and the water. Any mineral acid will act in this 
way. We shall learn of other easy ways of changing starch into 
sugar. 

What happens to the Starch made in the Green 
Parts of the Plant? 

We have seen that much of the starch made during the day 
disappears during the night. Where has it gone? 

Some of it is used by the plant for growth, and for building 
other complex foods, but the bulk of it is stored in various parts 
of the plant. It is characteristic of living things that they do 
not live from ‘hand to mouth’, but that they store food in their 
bodies for a time when they cannot get any food, or for the 
purpose of reproduction. We shall leave till later the question 
of why food is needed at aU, and shall consider how the plant 
stores the food it docs not immediately need. 

When photosynthesis has ceased owing to the absence of 
light, the sugar in the cell sap is withdrawn from the cell. The 
starch in the chloroplast is acted upon by a substance called 
diastase. This is an enzyme. It has the power of acting cataly- 
tically on the starch and converting it to sugar. The latter 
dissolves in the cell sap and is removed as before. In this way 
all the starch is converted into sugar and removed from the cell 
in this soluble form. The insoluble starch could not be moved ; 
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it had to be changed into a soluble substance first. The sugar 
travels by diffusion, first into the adjacent cells and then into 
the conducting tissue. It travels along this to the parts of the 
plant that need the sugar, or to places where it is stored. No 
doubt such an easily diffusible substance as sugar will pass 
from place to place by all paths in the plant, but the main 
channels for the conveyance of the sugar solution seem to be 
the sheath of the bundles and the elongated cells of the phloem. 
We shall now look at the structure of the stem again to see the 
fflls used in the transportation of the sugar solution. 


THE STRUCTURE OF THE STEM 

Examine the stem once again by cutting sections as you did in 
Experiment ag. This time pay more attention to that part of the 
bundle that is not wood. Study Figs. 18 and 19. The sunflower 
stem is a suitable one for this study but it must be remembered that 
the stems of different plants show differences in detail, and as many 
stems as possible of different plants should be examined. Do not con- 
fine your attention to the microscopic structures. Pull stems to pieces; 
crush various parts in water and out of water; tease them apart; see 
if you can find various layers of tissue. Much can be learned in this 
way with patience. Examine the figures and try to identify the 
structures in the plant. Prepared slides arc very useful and perhaps 
indispensable, but they should not be used exclusively as they often 
give an artificial view of the conditions in the plant. 

In most stems the wood occurs in that part of the bundle 
which is nearest to the centre of the stem. Next to the wood, 
away from the centre, are a number of cells which are notice- 
able for their regular shape. This part of the bundle is called 
the cambium. The purpose of the cambium is to enable the 
stem to increase in thickness. This it does by its cells dividing 
repeatedly. Those cells next to the wood produce more wood 
cells, those farthest from the wood produce cells which we 
shall now examine. 

The part of the bundle next to the cambium on the outside 
is called bast or phloem. The cells are not very regular and are 
soft. Seen longitudinally most of them seem to be long tubes, 
separated from one another in the line by cross plates in 
which there are tiny holes. These plates look like sieves and 



140 PLANT RELATIONS TO AIR oh . 

the vessels are called sieve tubes. It is along these tubes that, 
to a large extent, the sugar is carried. 

Farther out from the soft bast, but still in the bundle, is the 
hard bast. This is also a conducting tissue, but the walls have 
been strengthened and thus help to support the plant like the 
wood vessels. 


THE STORAGE OF STARCH 
In some plants the sugar brought from the leaves is stored as 
sugar. For example, the tliickencd base leaves of the onion 
plant are very in sugar; the root of the carrot contains 
sugar; the root of the sugar beet is so rich in sugar that the 
plants are grown for the purpose of extracting it. 

Ezpt. 113. Test each of these plants for sugar by using Feliling’s 
solution. Squeeze a little of the juice into the solution and boil. You 
will not find much sugar in the sugar beet by this teat because the 
sugar in this plant is cane sugar and not glucose. Test the juice from 
the sugar beet with iodine solution to show that no starch is present. 
Then boil a little of the juice with water to which has been added a 
few drops of dilute hydrochloric acid. This converts the cane sugar 
to glucose. Now use the Fchling’a solution test. 

Most plants store the carbohydrate as starch and not as 
sugar. It is stored in fleshy roots, underground stems, seeds, 
bulbs, corms, tubers, thick stems, and leaves. The starch 
grains arc formed from the sugar by the action of small bodies 
called leucoplasls. These are like chloroplasts except that they 
are white instead of green. They are living bodies consisting 
of very small masses of protoplasm. 

A plant stores starch (and other foods) so that it wiU be 
available when extra food is required, and also for the purpose 
of reproduction. The starch stored in the seed gives the plant 
a supply of food which it can use until it has grown leaves and 
can manufacture food for itself. There is a large store of food 
in the seed of the broad bean. The starch stored in the potato 
is used by the young plant until its leaves are formed above 
ground. The use which is made of food, however, we shall 
leave to Gh. XLIV as it is an extensive and important subject. 
We shall then compare the feeding of plants and animals, and 
see how all living things use their food. 
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COMPARISON OF THE PROCESSES OF PHOTOSYNTHESIS 
AND RESPIRATION IN A PLANT 



Photoiynthisis 

Rupiration 

Gaseous exchange 

with the atmo- 
sphere. 

Carbon dioxide taken 
from the air. 

Oxygen given to the air. 

Oxygen taken from the 
air. 

Carbon dioxide given to 
the air. 

When the process 
takes place. 

During periods of light. 

At all times. Rate in- 
creased during rapid 
growth, e.g. during 
germination, and de- 
creased during dor- 
mant periods. 

Where the process 
takes place. 

In all green parts ex- 
posed to the light. 

In every living cell of the 
plant. 

Chlorophyll. 

Necessary. 

Not necessary. 

How the gases reach 
and leave the parts. 

Mainly through the 
stomata, and thence 
by diffusion to the 
intcr-ceUular spaces 
of the green tissue. 

Through all permeable 
parts of the plant’s 
surface and especially 
through stomata and 
lenticels, to the inter- 
cellular spaces, and 
then by diffusion to 
all parts. Also through 
the root hairs. 

Nature of the process. 

A ‘building up’ of 
food reserve (carbo- 
hydrates). 

Corresxran^ to feeding 
in animals. 

‘Dry weight* of the 
plant is increased. 

A 'breaking down’ pro- 
cess. The same as 
respiration in animals. 
A process of combus- 
tion (slow burning). 

'Dry weight’ of the plant 
decreased. 

Energy- 

Light energy of the 
sun absorbed; trans- 
formed and stored as 
chemical energy. In- 
crease in potential 
energy (Ch. XLIII), 

Energy liberated partly 
as mechanical energy 
and partly as heat. 
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QUESTIONS 

I. Who first discovered that oxygen is given off from a plant in the 
sunlight? How would you demonstrate the fact in the laboratory? 

а. Under what conditions does a plant manufacture starch? How 
wo\ild you test for the presence of (i) sugar (glucose) in the bulb of 
an onioUj (2) starch in a green leaf? 

3. Describe and explain the gaseous exchanges which take place 
between a plant and the atmosphere (i) at night-time, and (a) during 
the day. 

4. The proportion of carbon dioxide in the atmosphere remains 
fairly constant. How is this maintained? 

5. Show how the ordinary green leaf is well adapted to the functions 
of (a) photosynthesis, (6) respiration, and (e) transpiration. 

б. Account for the presence of starch in the potato tuber. How 
would you extract some starch from a tuber? Draw a diagram of the 
appearance of this starch under the microscope. 

7, Give a careful and detailed comparison of the processes of photo- 
synthesis and respiration in a plant 


A. Compare and contrast respiration and photosynthesis (carbon 

assimilation) , Why is it incorrect to regard photosynthesis as a special 
kind of breathing process? [Lond.] 

B. It is often stated that animals differ from green plants because 

they take in oxygen and give out carbon dioxide whereas green plants 
take in carbon dioxide and give out oxygen. Give a brief account of 
the processes occurring in animals and plants which result in these 
gaseous exchanges and explain why the statement as made above is 
incorrect. [Lond.] 

G. How could you prove by experiment that photosynthesis can- 
not take place if carbon dioxide is not present in the atmosphere? 

[NJ.B.] 

D. Some shoots of water weed were tied to a stone and immersed in 
water in a beaker and covered by an inverted funnel. A test-tube 
fiiU of water was inverted over the end of the frmnel, the mouth of 
the_ test-tube being below the surface of the water in the beaker. 
A simfiar apparatus was set up, but, instead of ordinary (or tap) water, 
contained boiled water and a layer of oil on the surface. Account for 
the appearance of the test-tubes at tlie end of two or three days’ 
exposure to sunlight. [Lond.] 



VIII 

THE COMPOSITION OF WATER 

the action of some metals on water 

1, Calcium 

£zpt. Examine a piece of calcium. Scrape it with a knife so 
that you can see the bright white metallic surface. Put a small piece 
in a large beaker of water. Note what happens. Collect the gas given 
off by inverting a test-tube fuU of water over the calcium. Apply a 
lighted splint to the gas in the test-tube. Note that the light is put 
out but die gas takes fire. The gas cannot be any of the gases we have 
studied so far, namely oxygen, nitrogen, and carbon dioxide. Why? 

Remove the calcium from the water which now has small particles 
of a white solid in suspension. Filter the liquid and divide it into two 
portions in separate test-tubes. 

To one tube add reddened litmus solution. It turns blue. There 
must be some alkaline substance dissolved in the water. 

Pass carbon dioxide through the second portion of the liquid. It 
turns milky. The liquid is lime-water and the alkaline substance 
must be calcium hydroxide. (The solid in suspension which we 
removed by filtering the liquid is solid calcium hydroxide that did 
not dissolve in the water.) 

Where has this alkaline substance come from? Where did 
the gas come from? The gas is called hydrogen. It is an element. 
Calcium is also an element. The hydrogen could not have 
c o me from the element calcium, and as it is an element itself, 
it must have come from the water. Water is a compound of 
hydrogen. 

Calcium -t-Water = Calcium hydroxide -1-Hydrogcn. 

(An element) (An dement) 

2. Sodium 

Sodium is a soft silvery metal which quickly tarnishes in the 
air. It is kept either in a sealed vessel, or in a liquid which has 
no oxygen in its composition, e.g. petroleum or naphtha. Only 
a small piece should be taken from the liquid at one time and 
any net needed should be replaced at once. It should not be 
touched with wet fingers. . 
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Expt. 115. Cut a. small piece of sodium (about ha.lf the size of a 
small pea) and drop it on the surface of some water in a large dish. 
Note what happens, but do not get too close as the sodium may ‘spit’. 
The sodium floats as it is less dense than water, becomes globular and 
rushes about the surface of the water, gradually becoming less until 
it finally disappears. Test the water with litmus solution. It is 
alkaline. Was any gas evolved as in the previous experiment? 

Expt. 116. Prick some holes in a piece of copper foil and wrap a 
little sodium in the foil. Let it sink in the water and immediately 
place an inverted test-tube full of water over the foil to collect any gas 
given off. You may have to try a few times as the gas is given off 

very rapidly. Test the gas with a 
lighted splint. The gas puts the 
light out but bums itself. The 
gas is hydrogen. Pass carbon di- 
oxide through the water left. It 
does not turn milky so no calcium 
hydroxide is present. This is not 
surprising as no calcium was used. 
The alkaline quality of the water 
must be due to some other alkali. 

Sodium 4-Water *= 

An alkali 4 -Hydrogen. 

3. Potassium 

In appearance this metal is 
very much like sodium and it 
is kept and handled in the same way, 

Expt. 117. Put a little potassium on water. It behaves like sodium 
except that the acdon is more violent. The heat of the reaction causes 
the hydrogen to burn. The flame is coloured lilac by the potassium. 
Do not stand too close as the violent reaction may cause pieces to 
fly out of the water. 

Potassium -f- Water = An alkali 4- Plydrogen. 

4. Magnesium 

You have already examined this metal (p. 51). 

Expt. 118. Put some magnesium powder in cold water. There is 
no apparent action, but perhaps it takes longer to show than in the 
other cases we have examined. Arrange an apparatus as shown in 
Fig. 83. The powdered magnesium is under the inverted filter funnel, 
and if any gas is given off it must rise into the test-tube. Leave the 
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apparatus for a d^. Test the gas given off at the end of that time hv 
a lighted splint. Test the water left with litmus solution. TWas U 
hydrogen, and the solution is aikaline. ° 


Magnesium +Water = An alkali +Hydrogen. 

The action of magnesium on water is like the action of the 
other metals we have tried, but is much slower. In each case 
we have obtained the same result in the end, namely hydrogen 
and an alkali. The speed of the actions differed considerably. 



Potassium had the most violent action, then sodium. The 
action of calcium was brisk but that of magnesium very slow. 
All these experiments we performed in the cold. We can 
increase the rate of the action of magnesium by supplying 
heat. 

Expt. iig- Arrange the apparatus as shown in Fig. 84. A is a hard 
glass combustion tube containing coils of magnesium ribbon. B is 
a flask in which steam is generated. The steam is brought by the 
delivery tube C to A and so passed over the magnesium which is 
heated by the Ramsay burner D. This type of burner acts as a support 
for the hard glass tube and at the same time spreads the flame so that 
most of the tube is heated. As soon as the steam comes over freely, 
heat the magnesium strongly until it begins to glow, and then stop 
heating. At E the gas given off is collected over water, the steam 
being condensed as it passes through the water. When sufEcient gas 
has been evolved, test it with a lighted splint. When the tube is cool 
enough, examine the substance idit in the tube. 

+601 L 
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The gas evolved is hydrogen; the substance left is a white 
powder which you have met before, magnesium oxide. 

Magnesium +S team = Magnesium oxide +Hydrogcn. 
(heat) 

5. Iron 

Iron will not act on water in the cold, but when steam is 
passed over the heated metal, hydrogen is produced, and an 
oxide of iron left called magnetic oxide of iron so-called because 
some forms found in nature have magnetic properties (Ch. 
XXXVI). This method is used commercially on a large 
scale for the production of hydrogen. 

Not all metals will act on water, even when steam is passed 
over the heated metal. We can tabulate the metals according 
to the vigour with which they act on water: Potassium, 
Sodium, Calcium, Magnesium, Iron. 

When a metal does act on water, hydrogen is always pro- 
duced. This comes from the water. When steam is passed over 
the heated metal the oxide of the metal is produced in addition 
to hydrogen. The oxygen comes from the water. We shall see 
that the alkalis formed when metals act on water in the cojd 
arc substances related to the oxides of metals. 

Our experiments so far have shown that water is a compound 
of hydrogen. We have not strictly proved that water is also a 
compound of oxygen, but our experiments indicate that this is 
probably true. We shall perform an experiment later that will 
not leave us in any doubt on this question. 

THE ACTION OF SOME METALS ON DILUTE ACIDS 

I. Magnesium 

Expt. ISO. Add magnesium ribbon, a little at a time, to dilute 
hydrochloric acid in a test-tube. Note the gas evolved. Test it with 
a lighted splint. The gas is hydrogen. Add more magnesium until, 
on warming, no more will dissolve. Decant the solution left so that it 
is free from undissolved magnesium. What is this liquid? 

We started with dilute acid, i.e. water and hydrochloric acid. 
Where did the hydrogen come from? It could have come from 
the water, but we have seen that the action of magnesium on 
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water in the cold is very slow. It is unlikely that the hydrogen 
from the water. Did it come from the acid? If it did, 
then the acid must be a compotmd of hydrogen. The mag- 
nesium disappeared into the liquid. Is the liquid a solution of 
magnesium? When salt dissolves in water no gas is given off. 
When magnesium dissolves in dilute hydrochloric acid, hydro- 
gen is evolved. If we evaporate a solution of salt to dryness we 
recover the salt. If we evaporate the liquid obtained when 
TTiag nesiu m dissolves in dilute hydrochloric acid, shall we get 
the magnesium back? 

I Ezpt. 121. Evaporate the solution obtained in Experiment lao to 
dryness. A white powder is obtained which does not look lilce mag- 
nesium. 

•When magnesium ■ acts on dilute hydrochloric acid, the 
magnesium removes the hydrogen from the acid and takes its 
place. The magnesium combines with what is left of the acid 
after the hydrogen has been removed. The white powder is the 
substance so formed. It is called magnesium chloride. It is 
soluble in water. The liquid left in Experiment lao was a 
solution of magnesium chloride in water. AU (or nearly all) 
the acid had disappeared. 

Magnesium -t-Hydrochloric acid 

= Hydrogen -f Magnesium chloride. 

Ezpt. 122. Repeat the experiment using dilute sulphuric acid 
instead of hydrochloric acid. Instead of evaporating the solution to 
dryness, stop before all the water has evaporated. Cool the con- 
centrated solution. Colourless crystals of magnesium sulphate arc 
formed. This is the substance Epsom salts. 

Magnesium -t-Dil. Sulphuric acid 

= Hydrogen -1-Magnesium sulphate. 


a. Iron 

Expt. 123. Repeat Experiments ISO and laa, using iron filings. 
The gas given off is largely hydrogen, but in this case another gas, 
having an unpleasant smell, is evolved in addition. It is due to an 
impurity (carbon) which is nearly always present in iron. Note the 
colour of the solutions with the two acids. Domot evaporate to dry- 
ness, but concentrate the solutions by evaporation, cool, and allow 
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the substances to crystallize. Note and describe the substances that 
crystallize out in each case. 

Iron+Dil. Hydrochloric add = Hydrogen +Iron chloride. 
Iron+Dil. Sulphuric acid = Hydrogen 4 -Iron sulphate. 

3. Zinc 

Expt. i!S4. Repeat the above experiments with granulated zinc. 
Again hydrogen is evolved with both acids. Try to crystallize out the 
substances from solution. In the case of hydrochloric acid you will 
get a dirty white sticky substance which is impute zinc chloride. With 
sulphuric acid, crystals of zinc sulphate will separate out. Note and 
describe them. 

Zinc-j-Dil. Hydrochloric acid = Hydrogen 4-Zinc chloride. 
Zinc4-Dil. Sulphuric Add = Hydrogen 4 -Zinc sulphate. 

All metals will not act on these two acids, e.g. copper and 
lead are not dissolved by dilute hydrochloric and sulphuric 
adds. With nitric acid, metals give off yellowish-brown fumes, 
which is certainly not hydrogen. But even nitric add, when 
very dilute and cold, will give off hydrogen when acted upon 
by magnesium. 

The place of the hydrogen in the add is taken by the metal. 
Substances which are formed by the replacement of the hydro- 
gen of an add by a metal are called salts. The salts we have 
already made in this way are; Magnesium chloride. Iron 
chloride. Zinc chloride,, Magnesium sulphate. Iron sulphate, 
and Zinc sulphate. Salts of hydrochloric acid are called 
chlorides', those of sulphiuic acid are called sulphates. 

PREPARATION OF HYDROGEN 
Hydrogen is often prepared in the laboratory by the action 
of steam on heated iron (p. 146) but a commoner method is by 
the action of dilute hydrochloric add on zinc. 

Expt. *35. Fit up an apparatus as in Fig. 85. d is a two-necked 
Woulfe’a bottle, which is a convenient piece of apparatus to use when 
no heating is nectary. Granulated zinc is placed in A and covered 
with water. The thistle-funnel B is fitted so that the bottom of the 
tube is under the water in d. Cis a delivery tube. The gas is collected 
over water. Pour a little concentrated hydrochloric add down the 
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thistle-fimnel. When it mixes with the water in the Woulfe’s bottle it 
becomes dilute acid. This acts on the zinc and hydrogen is produced. 
When one jar is full of the gas replace by another. Collect several 
jars full. Put a label on the first jar, as this will contain some air as 
well as hydrogen. This is because the apparatus contained air before 
the hydrogen was produced. 



PROPERTIES OF HYDROGEN 

We know some properties already from the preparation and 
collection of the gas. It is a colourless, odourless gas. If it is 
soluble in water at all, it is only slightly so, otherwise it could 
not be collected over water. 

Ezpt. xs6. Hold ajar of the gas (not the first one collected) mouth 
upwards and apply a lighted taper. The gas takes fire immediately, 
the flame shooting upwards. 

Hold a jar of the gas mouth downwards and put a lighted taper 
right into the jar. The gas burns quietly at tlie mouth of the jar but 
the lighted taper is put out. While the gas is still alight -withdraw the 
taper. As it passes through the flame the taper relights. Put the taper 
in again. The taper is put out. 

Hydrogen burns in the air but will not let a lighted taper 
burn in it. Why did the gas burn quietly when the mouth of 
the jar was turned downwards, but quickly when the mouth 
was held upwards? It seems from this that the gas is lighter 
(less dense) than air. This can be sho-wn as follows : 
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Expt. lay. Hold two jars, one containing hydrogen and the other 
air, in the manner shown in Fig. 86. The hydrogen flows upwards as 
the air flows downwards. Gradually bring 
the mouths of the jars together and insert lids 
between them. Test each jar with a lighted 
splint. The upper jar contains hydrogen, the 
lower does not, or contains very little. It 
now contains air. 

Hydrogen is the lightest gas known. 
Instead of collecting it over water it may 
be collected by upward delivery. Com- 
pare this with the collection of carbon 
dioxide by downward delivery. The tube 
must go to the top of the collecting jar 
otherwise the hydrogen will mix with tire 
air. In any case it will do this a little. 

The lightness of hydrogen can be illus- 
trated by passing the gas through caustic 
soda solution to remove the acid spray 
that occurs in the Woulfc’s bottle, and 
then blowing soap bubbles with the gas 
by the aid of a thistie-funnd. The acid is removed as otherwise 
it would destroy the soap film. 

Expt. laB. Wrap a duster round the jar of gas you collected first. 
Remove the lid and apply a lighted taper. The gas usually lights 
with an explosion. (It is very unlikely that the explosion will he so 
violent that the jar will break, but it is always wise to take precautions 
when bringing a light near to hydrogen. Sometimes the explosion 
is violent, and bad accidents have been caused by ignorance and 
carelessness. The duster round the jar prevents the glass from flying 
if the jar is broken.) 

When a light is applied to a mixture of air and hydrogen 
there is an explosion. The violence of this depends on the 
proportion of the gases present. 

Hydrogen is a colourless, odourless gas, almost insoluble in 
water, and much lighter than air. It docs not allow substances 
to burn in it, but burns itself with an almost colourless flame. 
If mixed with air in certain proportions, it explodes when a 
light is applied. 




the burning of hydrogen in the air 

What happens to hydrogen when it burns in the air? We 
loiow what happens to some other elements when they burn in 
the air. They combine with the cntygen of the air to form 
oxides. When hydrogen burns does it form Hydrogen oxide? 

Expt. lag. Fit up an apparatus as in Fig. 87. 4 is a Woulfe’s bottle 
in which hydrogen is prepared as in Experiment 1125. B is a U-tube 



containing soda-lime which both dries the gas and removes the acid 
spray. C is another U-tube of soda-lime. This is used as a precaution; 
if the gas leaves B not quite dry, the last trace of moisture is removed 
inC, I) is a glass tube with ajet at the end. See that all the connexions 
are tight and that there is no light near the apparatus. Pour con- 
centrated hydrochloric acid down the thistle-funnel, and collect the 
gas that issues at the jet in a test-tube by upward delivery. Remove 
the test-tube some distance from the apparatus and apply a light to 
it. It will burn with an explosion. Repeat this, until on applying a 
light to the test-tube, tlie gas burns quietly. You may be sure then, 
that hydrogen, unmixed with air, is issuing from the jet. Light the 
hydrogen coming from the jet by applying the quietly burning hydro- 
gen in the test-tube. Tire gas bums at the jet with a small yellow 
flame, the colour being given to the flame by the glass. (It is necessary 
to insist on the light being applied in this way. If a light is applied 
before the apparatus is free from air there may be a dangerous 
explosion.) 

Watch the flame burning. If hydrogen is like the other elements 
we have burned in the air, it will combine with the oxygen of the air 
to form hydrogen oxide. There is no visible product. 

Arrange a flask E as shown in the figure. The cold water running 
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through it keeps it cold. Allow the hydrogen flame to touch the 
bottom of the cold flask. Note what happens. 

Drops of a colourless liquid soon appear on the bottom of the flask. 
Catch the liquid as it falls in a dry evaporating dish. Add anhydrous 
copper sulphate. It changes colour to blue (or bluish-green). There 
is water in the liquid. 

Where did this water come from? It occurred only in the 
region near the flame. The hydrogen was dry. It seems that 
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Fio. 88. Action of dry hydrogen on black copper oxide. 


when hydrogen is burned in the air, water is formed. We 
expected to have hydrogen oxide produced. Is water hydrogen 
oxide? 

When steam is passed over heated iron, the oxide of iron is 
formed. This is another indication that water might be hydro- 
gen oxide, 


The Action of Dry Hydrogen on Black Copper Oxide 

Ezpt. 130. Put some black copper oxide in an evaporating dish 
and heat strongly. Keep the copper oxide stirred aU the time with a 
glass rod. The effect of this heating is to dry the copper oxide. This 
substance is hygroscopic, i,e. it absorbs moisture from the air. Allow 
the copper oxide to cool in a desiccator. Place some of it in a dry 
porcelain boat (Fig. 88). Place the boat in a hard glass tube through 
which is passed hydrogen which has been previously dried. Bum the 
excess of hydrogen at die jet shown in the figure. Heat the hard glass 
tube with a Ramsay burner. Watch very carefully what happens in 
the tube. When moisture appears in the tube between the boat and 
the jet, stop heating and test the liquid with anhydrous copper sul- 
phate. Fit up the apparatus again and heat very strongly for about 
ten minutes passing diy hydrogen all the time. Allow the tube to cool, 
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still in an atmosphere of dry hydrogen. Why? Remove the boat 
when cool and examine the contents. 

The copper oxide has changed into a red powder which is 
copper. The oxygen lost by the copper oxide has combined 
with the hydrogen to form water. 

Copper oxide +Hydrogen = Copper + 

+Water (Hydrogen oxide). 

REDUCTION AND OXIDATION 

The results of ‘Experiment 130 are very important and of 
great interest. The hydrogen takes oxygen from copper oxide. 
When a compound loses oxygen during a chemical action, it is 
said to be reduced. The substance which causes the reduction is 
called the reducing agent. In this case the copper oxide is reduced 
to copper by the reducing agent hydrogen. 

The hydrogen, during this chemical action, gains oxygen. It 
is said to be oxidized. The substance supplying the oxygen for 
the oxidation is called the oxidizing agent. In this case, and in 
nearly aU cases of oxidation and reduction, the oxidizing agent 
is reduced, and the reducing agent is oxidized. 

THE COMPOSITION OF WATER 

In Experiment 129 we made water by building it up from 
its elements hydrogen and oxygen. We made the hydrogen 
combine with the oxygen of the air. In Experiment 130 we 
caused hydrogen to take oxygen from copper oxide and so 
form water. This also was a building-up process. This method 
is called synthesis.. The elements are brought together and 
made to combine. 

Can we start with water and split it up into its elements? In 
other words, can we analyse water? This is the opposite 
process to that of synthesis. Wc can do this by electrolysis. 

Expt. 131. The electrolysis of water. There are many different 
ways of performing this experiment. All depend on the fact that if an 
electric current from a battery or accumulator is passed through 
.water which has been slightly acidulated with sulphuric acid, hydro- 
gen is evolved where one wire enters the water, and oxygen evolved 
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where the other wire enters. The electric current produces chemical 
decomposition (Gh. XL), which is the splitting up of a compound into 
simpler parts. The compound water is split up into its elements 
hydrogen and oxygen. The experiment is conveniendy performed 
hy using a voltameter, in which the volumes of the gases given off are 
easily measured. 

Fit up the apparatus as shown in Fig. 89 a. Pour some water, to 



which has been added a little dilute sulphuric acid, into the volta- 
meter at C, the taps A and B being open. When the water reaches 
the top of the nozzles H and K close the taps A and B. The wires 
from die battery F are connected with two platinum electrodes, D 
and E, Pladnum is used because it is not acted on by any of the 
substances used in the experiment. The electrode connected with the 
positive pole of the battery is called the positive electrode or anode; 
that connected to tiie negative pole is called the negative electrode or 
cathode. 

Press the key G. Tlie eurrent of electricity passes through the 
acidulated water and bubbles of gas rise from near each electrode. 
An electric current will not easily pass through pure water, but it 
does through water which contains a little sulphuric acid. 

As the experiment proceeds, it is soon evident that more gas is 
coming from the region of one electrode than from the other. When 
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the action has proceeded for some time, stop the current, and measure 
the volumes of the gases in the arms of the voltameter. One is twice the 

volume of the other. 

It is necessary to obtain the gases m separate test-tubes so that they 
can be examined. The method of doing this is shown in Fig. 89 b. 
The india-rubber tube K must be full of water, otherwise you will get 
air in your test-tube as well as the gas you want to collect. Fix the 
rubber tube to the nozzle H or K and collect the gas over water as 
shown in the figure. To the gas having the smaller voluirie apply a 
glowing splint. To that having the larger volume apply a hght. 

The two gases are oxygen and hydrogen, and there is twice 
as much hydrogen as oxygen (by volume). We know that it is 
the water that is decomposed into hydrogen and oxygen, and 
not the acid, because it can be proved by experiment Aat just 
as much acid is left after the experiment as was put into the 
water at the beginning. 

' Water = Hydrogen -h Oxygen. 

(a vols.) (I vol.) 


This analysis teaches us more about the composition of 
water than the synthesis experiments do. We now know not 
only that water is a compound of hydrogen and oxygen, but 
that these two gases are combined in the proportion of 2 : i by 
volume. If a mixture of hydrogen and oxygen in this propor- 
tion is coUected in a strong vessel, and a light applied, the 
mixture explodes with great violence. Water is produced. The 
explosion is only rapid combustion. (This experiment should 
not be performed except by an experienced person.) 


TtlE COMPOSITION OF WATER BY WEIGHT 
Very careful experiments have been praformed ro find what 
weight of hydrogen is combined with a given weight of oxygen 
in water. The results show that i gm. of hydrogen 
with 8 gm. of oxygen. If we compare these figures *0^ 
showing the volume ratio, we see that oxygen must be 16 
times as dense as hydrogen. 

To find ihe composition of water by weight. Fit 
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in, Cj and passed over copper oxide in a porcelain boat in D. As it is 
hygroscopic, the copper oxide should previously be heated to redness 
in the boat, cooled in a desiccator, and weighed with the boat. The 
gas then passes through E containing calcium chloride to collect the 
water formed. Tube F also contains calcium chloride. The tubes 
E and F should be weighed separately, care being taken that the ends 
of the tubes are closed by clips during the weighing operations. Why? 
The tube D is heated for about 15 minutes and is cooled in a stream 
of hydrogen to prevent the copper being partially reoxidized by 
oxygen from the air. 

The boat and residue, and the tubes E and F, arc then reweighed 
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separately. If F has increased in weight it means that some water has 
passed over from E, and therefore possibly some may have escaped 
into the air. In this case the e^eriment will have to be repeated. 
If F remains the same weight, then all the water formed will have 
been absorbed by E. 


Table of Results 

Weight of boat+ copper oxide- .... 

Weight of boat+ copper (after passing hydrogen) . 
Therefore weight of oxygen (i.e. loss in weight of boat and 
contents) ....... 

We^;ht of U-tube E . 

Weight of U-tube E after passing hydrogen . 

Weight of water formed (i.e. increase in weight of E) 
Weight of hydrogen used ..... 

X gm. of oxygen combine with j ) — x gm. of hydrogen 

X 

—— gm. of oxygen combine with i gm. of hydrogen 
y X 


Gm. 


y 

y-x 


The approximate result will be 8 gm. of oxygen to i gm. of 
hydrogen. This experiment has been performed with elaborate 
apparatus to eliiinate aU possible error, and thie result 
obtained is 7 '9395 : i. For ordinary purposes the ratio 8 : 1 is 
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sufficiently accurate. So we can say 9 gm. of water contain 
8 gm. of oxygen and i gm. of hydrogen. 

OTHER USES OF HYDROGEN 
Hydrogen is used to harden vegetable and animal oils in the 
presence of finely divided nickel, and in the manufacture of 
margarine and soaps. If a flame of hydrogenisfed with oxygen, 
a very high temperature is reached. This is used in the Oxy- 
hydrogen blow-pipe which is used for welding iron and other 
metals, e.g. aluminium, copper; for melting platinum, and for 
fusing quartz in the manufacture of quartz vessels. 

Coal-gas contains about half its volume of hydrogen a.ndis, 
of course, used for lighting and heating. Water-gas, a mixture 
chiefly of hydrogen and carbon monoxide, ds also used as a fuel. 
These gases will later be described in detail (Gh. X). 

Hydrogen is also used in the manufacture of synthetic 
by Combining it with nitrogen, using pressure. 
Another very important and modern use of hydrogen to be 
described later (Gh. X) is the manufacture of petrol from coal. 


QUESTIONS 

1. What metals will react with cold water to produce a gas? What 

is the gas, and what is left in solution in each case? What does this 

prove about the composition of water? .,,.71-* 

2. What happens to hydrogen when it is burned m the air? What 

does this prove about the composition of water? How may water be 
split up mto its constituent elements? Does this give us any further 

information about the composition of water? _ _ _ 

3. the terms oxidation and reduction by giving examples 
in which water is concerned. 

4. State the laboratory and industrial uses of hydrogen, ijive 
details of one industrial process in which hydrogen is used. 

5. What is the composition of water by (a) volume, (c) weight. 
State briefly, without experimental detail, how you could demon- 
strate these facts. What do these facts tell us about the relaUve 
densities of hydrogen and oxygen? 



IX 

THE COMPOSITION OF MATTER 

IS MATTER CONTINUOUS OR DISCONTINUOUS? 

It -will help us to understand chemical reactions better if we 
consider the constitution of matter. Apart fi’om the usefulness 
of this study, it is of great interest in itself and has attracted the 
attention of thinkers throughout the ages. The Ancient Greeks 
made guesses at it and argued about it. The question as it 
appeared to them was: Is matter continuous or discontinuous? 
In other words: Is matter made up of tiny particles as a house 
is made up of bricks, or is it ‘one piece’? 

Suppose you divide a drop of water into two parts and then 
divide each drop into two again, and so on. It is clear that 
soon it win be impossible to divide it any farther because the 
piece will become too small to handle. But suppose you go on 
dividing it in imagination. How far could you go? Would you, 
in the end, come to a piece that cotild not be divided, or would 
you be able to go on for ever? 

Some Greek philosophers held one view, and some the other. 
It was really impossible to decide between the two views, 
because there was no evidence cither way. It was not until 
1803 that John Dalton, an English chemist, put forward 
evidence which favoured one view more than another. In 1 8 1 1 , 
Avogadro, an Italian physicist, added to Dalton’s theory. At 
the present time all students of chemistry accept Dalton’s ideas 
as supplemented by Avogadro’s work. 

MOLECULES 

Consider the element sulphur. It is supposed to be built up 
of tiny particles of sidphur called molecules of sulphur. The 
molecules are the ‘bricks’ which make up the ‘budding’, a 
piece of sulphur. A molecule of sulphur is the smallest piece of 
sulphur that can exist as sulphur. A piece of sulphur is just a 
collection of many miUions of molecules of sulphur. The 
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molecules are not supposed to be touching each other, but to 
be at a distance from each other which is great compared with 
the size of the molecule. The latter are so small that even a 
speck of sulphur contains many millions of mnlenxleg They 
cannot be seen, even with the most powerful microscope. The 
distance between molecules, although much greater than the 
size of the molecule, is also very small. All the molecules of 
sulphur are supposed to be exactly alike. It is the same with 
other elements. They are composed of their own type of 
molecule. 

Now consider the compound caldunji carbonate. A piece of 
calcium carbonate consists of a great number of molecules 
of calcium carbonate. If a molecule of calcium carbonate is 
divided, the result will not be calcium carbonate, because a 
molecule of that substance is the smallest portion which can 
exist. When calcium carbonate is heated, calcium oxide and 
carbon dioxide are produced. Each molecule of calcium 
carbonate splits up into two molecules, one of carbon dioxide 
and one of calcium oxide. This does not mean that a molecule 
of calcium carbonate consists of a molecule of calcium oxide 
combined with a molecule of carbon dioxide. The molecule is 
not so simply arranged as that. 

ATOMS 

A molecule of calcium carbonate contains carbon, calcium, 
and oxygen. These are elements. The least portion of an 
element that can exist independently is a molecule, but it is 
not necessary to suppose that the least portion of oxygen' that 
can be in a molecule of calcium csirbonate is a molecule of 
oxygen, because the oxygen in calcium carbonate is not 
existing independently. The smallest portion of an element 
that can exist in the molecule of a compound is called an atom. 
This is defined as the smallest portion of an element that can 
take part in a chemical change. When hydrogen is passed over 
heated copper oxide, the hydrogen consists of millions of 
molecules of that gas, and the copper oxide consists of millions 
of molecules of that solid j but it is the atoms of hydrogen that 
combine with atoms of oxygen to form molecules of water. 
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In all ordinary chemical operations atoms are considered to 
be unereatable, indestructible, and indivisible. All the atoms of the 
same element are alike in chemical properties, and the atoms 
of different elements differ in their chemical properties. 
Compounds are formed by the union in simple numbers of 
atoms of different elements. 

Zet © and ^ represent atoms of hydrogen, oxygen 
. ^ and copper respectively. 

@@ + ®® =®®® + # 

Molecule Molecule Molecule Atom 

' of . of ^ of of 

Hydrogen. Cupric Water. Copper. 

Oxide, 

Fto. gi. 

MOLECULES OF COMPOUNDS AND OF ELEMENTS 

A molecule of a compound may consist of one atom of one 
element combined with one atom of another clement; or it 
may consist of one atom of one element combined with two 
atoms of another element; or there may be present in one mole- 
cule of a compound the atoms of several different elements. 
The molecules of some compounds arc comparatively large, 
consisting of many atoms of several different elements. 

A molecule of an element may consist of one, two, three, or 
even more atoms of the same element. The molecules of most 
gases which arc elements, consist of two atoms to the molecule 
(di-atomic). In the case of some solid elements the constitu- 
tion of the molecule is known, e.g, sulphur has eight atoms to 
the molecule and phosphorus four in the solid state. Many 
metals in the gaseous state are mon-atomig, i.e. they have one 
atom to the molecule. For most chemical purposes it is con- 
venient to nssutne that solid elements are mon-atomic. 




IV. Microphotograph of Foraminifera in limestone 
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(i6i) 


THE LAW OF CONSERVATION OF MATTER 

In all chemical experiments we assume that no new matter 
is ever created and that none is ever destroyed. When hydro- 
gen reacts with copper oxide, the sum of the weights of hydro- 
gen and copper oxide used is equal to the sum of the weights of 
the water and copper obtained. Men have tried to find a gain 
or a loss in weight during a chemical reaction, and very 
delicate balances have been used to detect any possible change ; 
but no one has ever discovered einy change in weight that could 
not be accounted for by the errors of the instruments used. 
Every chemical operation performed where weighing is done 
assumes that no matter is destroyed and that none is created. 
This fact is known as the Law of Gonsexvation of Matter. 
It is usually stated: matter cannot be created or destroyed', then it 
follows that atoms cannot be created or destroyed. You have 
probably heard of atoms being split and atomic energy released 
but this is a special process which we deal with later (Ch. 
XX). Atoms arc never split during chemical reactions. 

A scientific law is merely a statement of what we believe to be 
true. It is a general statement, and is often called a generaliza- 
tion. It has usually been established by observation and experi- 
ment conducted by many people at various times and in many 
places and under varying conditions. We have increasing 
confidence in a law every time experiment or observation in a 
particular case confirms it. Nevertheless it is unscientific to 
have complete confidence in any scientific law, because some 
day further knowledge may cause us to modify it. 

THE LAW OF CONSTANT COMPOSITION 

The same compound alwc^s contains the same elements combined in 
the same proportion by weight. For example; When water is 
analysed it is found that i gm. of hydrogen combines with 
8 gm. of oxygen. This is true no matter what the source of 
the water so long as it is pure water. Pure calcium carbonate, 
no matter where or how obtained, always contains in every 
ioo gm., 40 gm. of calcium, i2 gm. of carbon, and 4® 

4601 M 
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gm. of oxygen. This is because the molecule of calcium 
carbonate always contains one atom of calcium, one atom of 
carbon, and three atoms of oxygen; and that the relative 
weights of these atoms to each other are 40 : is ; i6. If we 
take one each of the first two and three of the last, the relation 
becomes 40 : 12 : 48. 

Now we can better understand the difference between com- 
pounds aiid mixtures. All the molecules of a compound arc 
alike, those of a mixture are not. 

EQUIVALENTS (EQUIVALENT WEIGHTS) 

We have seen in the previous paragraph that the elements of 
which a pure chemical compound is composed are always 
present in constant proportions by weight. In order to compare 
these combining weights it is much simpler if we choose one 
element as our standard and then determine the weights of the 
other elements which combine with one part by weight of our 
standard element. Hydrogen is chosen as the standard because 
it has the smallest combining weight. 

On p. 156 (Expt. 132) we found that i gm. of hydrogen 
combines with 8 gm. of oxygen. We can say that the equivalent 
of oxygen is 8. Note that we do not say 8 gm. The equivalent 
of oxygen is a number which tells us how many parts by weight 
of oxygen combine with one part by weight of hydrogen. 
Eight gm. is said to be the gram-equivalent of oxygen because 
this weight combines with i gm. of our standard element, 
hydrogen. Gram-equivalents are often used in ordinary 
chemical work. 

We have seen (p. 146) that some metals, e.g. magnesium, 
iron, and zinc displace hydrogenfrom dilute hydrochloric or sul- 
phuric acid. It is possible, as we shall see, to find the weight of 
hydrogen displaced by a given weight of metal when it acts on 
an acid. Twelve gm. of magnesium displace i gm’ of hydrogen 
from hydrochloric acid and also from sulphuric acid. Now we 
shall see (Expt. 134) that when magnesium combines with 
oxygen, 12 gm. of magnesium combine with 8 gm. of oxygen. 
But we have seen that 1 gm. of hydrogen combines with 8 gm. 
of oxygen. Similarly 33 gm. ofzdnc displace i gm. of hydrogen 
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from an acid and 33 gm. of zinc combine with 8 gm. of oxygen. 
In the examples we have chosen, the same weight of metal 
which combines with 8 gm. of oxygen also displaces i gm. of 
hydrogen from acids. Metals do not usually combine with 
hydrogen to form stable compounds but the non-metal carbon 
combines with both hydrogen and oxygen. In methane 3 gm. 



of carbon combine with i gm. of hydrogen, and in carbon 
dioxide 3 gm. of carbon combine with 8 gm. of oxygen. That 
is, the same weight of carbon (3 gm.) combines with i gm. of 
hydrogen and 8 gm. of oxygen. 

As 3 gm. of carbon combine with i gm. of hydrogen we say 
that the equivalent of carbon is 3. But the equivalent of oxygen 
is 8. That is, the equivalent weight of carbon combines with 
the equivalent weight of oxygen. This enables us to extend our 
idea of equivalents and say that the equivalent of an element is 
the number of parts by weight of that element wluch combines 
with I part by weight of hydrogen or 8 parts by weight of 
oxygen. That being so the equivalents of magnesium and zinc 
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are 13 and 33 respectively. But these are the weights of the 
TTifftals wliich displace i gm. of hydrogen from acids. So we 
may mate a further extension of the idea of equivalents. Tks 
equivalent {or equivalent weight) of an element is defined as the number Oj 
parts by weight of that element which will combine with or displace one 
part by weight of hydrogen or 8 parts by weight of oxygen. Fig. 
ga illustrates this for the elements mentioned above. 

DETERMINATION OF EQIJIVALENTS 

I. By displacement of hydrogen 

Ezpt. 133. To find the 
weight of zinc which will 
displace i gm. of hydrogen 
from hydrocdilorlc aedd. Fit 
up the apparatus as illustrated 
in Fig. 93. ^ is a small Hask con- 
taining water and a tube {T) of 
concentrated hydrochloric acid. 
B is a ‘Winchester quart’ con- 
taining water and connected by 
a siphon to a graduated cylinder 
C, The siphon tube is, of course, 
full of water. 

Fio. 93. Weigh accurately about 1 gm, 

of zinc and place it in flask d as 
indicat^. First test the apparatus by opening clip D. A little water 
will run out of the delivery tube, but the flow will soon cease if the 
apparatus is air-tight. The apparatus must be air-tight before pro- 
ceeding. Raise C so that the leveb of the water in B and C are the 
same. Close clip D and replace C, Note the level of water in C, Open 
clip D, tilt flask A so that the acid comes in contact with the zinc and 
water. Hydrogen is given off, and passing into the Winchester quart 
(of course with some air from the flask) drives out an equal volume of 
water into the cylinder C. 

Allow to cool, since flask A has been warmed as a result of the 
chemical reaction. It is essential that the delivery tube should be 
dipping under the water in C all the time. Raise C as before until the 
levels of the water in B and C are the same. Close D and read the 
level of the water in C. The liquids are levelled because it is essential 
that the volume should be read at atmospheric pressure. The tem- 
perature of the apparatus (the water in B) is taken, also the atmospheric 
pressure as registered on a barometer. 

The volume of hydrogen liberated at atmospheric pressure and 
temperature has been determined. This volume is next reduced to 
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N.T.P. (Ch. XXIV). The weight of hydrogen is then determined by 
making use of the fact that i litre of hydrogen at N.T.P. weighs o-og 
gm. This weight of hydrogen has been evolved from the acid by the 
action of the weight of zinc taken. From this the weight of zinc which 
could displace i gm. of hydrogen can then be determined. 

s. By oxidizing a metal 

Ezpt. 134* find the weight of magnesliun. which will 
combine with 8 gm. of oxygen. Follow the details of Experiment 
47 on p. 54. 

Weighings and Caleulatim Gm. 

Weight of crucible+lid ...... 

Weight of crucible-i-lid+magnesium .... 

Weight of magnesium taken ..... x 

Weight of crucible + lid + magnesium oxide . (i) 

Constant (ii) 

Weight of oxygen combined with the magnesium . . j> 

y gm, of oxygen combine with x gm. of magnesium 
I gm. of oxygen combines with xfy gm. of magnesium . 

8 gm. of oxygen combine with Qxjy gm. of magnesium , 
Equivalent of magnesium = Bxjy. 

3> By the reduction of a xuetallic oxide 

Expt. 135. To find the weight of copper combined with 
8 gm. of oxygen in cupric oxide. Follow the details of Experi- 
ment 130 on p. 15a, but weigh the boat, copper oxide taken, and 
copper obtained. 

Weighings and Cakulalion Gm. 

Weight of boat ....... 

Weight of boat -|- copper oxide ..... 

Weight of copper oxide taken ..... r 

Weight of| boat-J-copper obtained . . ■ (j) 

Constant (ii) 

Weight of copper obtained 

Weight of oxygen lost *■ 

x—y gm. of oxygen combine with y gm. of copper. 

8 gm. of oxygen combine with 8yl{x—y) gm. of copper . 
Equivalent of copper = Byl{x—y) 

ATOMIC WEIGHTS 
We have seen that atoms of different elements differ in 
weight. The actual weights arc very small and formerly they 
were unknown. The relative weights of the atoms, however, 
have been found with great accuracy. It is found more 


Vi Vi 
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convenient to deal with these relative weights of the atoms 
rather than with their actual weights, although the latter are 
now known. The hydrogen atom is the lightest, so the atomic 
weight of hydrogen is called i. Now the atom of oxygen has 
been found to be 1 6 times as heavy as the hydrogen atom so we 
say that the atomic weight of oxygen is i6. 

The number of times one atom of the element is heavier than one atom 
of hydrogen. 

The Atomig Weight of an Element is defined. 

The approximate atomic weights of the commoner elements 
are given on p. i68. These approximate atomic weights are 
the ones usually used in elementary chemistry. More accurate 
ones are used only when necessary. 

When we compare the atomic weights of the elements with 
their equivalent weights we find that the atomic weight is 
either the same as the equivalent weight or is a simple multiple 
of it, 

For example: the atomic weight of sodium is 23, the same 
as its equivalent weight; the atomic weight of oxygen is 16, 
which is twice the equivalent weight; the atomic weight of 
aluminium is 27, which is three times its equivalent weight, 
and the atomic weight of carbon is 12, which is four times the 
equivalent weight. 

The number by which the equivalent weight is multiplied to 
give the atomic weight is called the valemy of the element. 

Atomic weight = Equivalent weight X Valency. 

Thus the valency of sodium is i, oxygen 2, aluminium 3, and 
carbon 4. 

The idea of valency was not arrived at originally in this way. 
As you advance in your study of chemistry you will attach a 
much wider meaning to the term valency than is used here. 


SYMBOLS AND FORMULAE 
It is often found convenient in Chemistry to represent atoms 
by symbols. Thus one atom of hydrogen is represented by H, 
one atom of carbon by C, and one atom of nitrogen by N. 
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Usually the initial letter of the name of the element is used, but 
sometimes this is impossible. Calcium cannot be represented 
by G because that is the symbol for one atom of carbon. The 
next letter is added, but not in capitals. One atom of calcium 
is represented by Ga. Sometimes the first two letters of the 
Latin name of the element are used. Thus one atom of copper 
is represented by Gu. A list of all the elements mentioned in 
this course is given with their symbols and atomic weights on 
p. 168. The connexion between the symbol and the element 
is also indicated. 

If it is desired to write two atoms of an element a figure 2 
is written before the symbol, e.g. 2H means two atoms of 
hydrogen, 3GU means three atoms of copper. 

Using these symbols it is possible to vrdtt formulae for the 
molecules. Hydrogen has two atoms to the molecule, which is 
represented by Hg and not aH. The formula for the molecule 
of a compound is made by writing side by side the symbols of 
the elements in the compound, indicating with a number after 
them how many atoms there are of each kind. Thus GOg 
represents a molecule of carbon dioxide, and shows that in a 
molecule of that compound there are two atoms of oxygen 
combined with one atom of carbon. One molecule of water is 
represented by HgO, and one of calcium carbonate by GaGOg. 
When it is desired to show that two molecules are intended, 
that number is written before the formula, thus, 2 GaGOg. 


EQ,UATIONS 

Using these formulae it is possible, and often convenient, to 
represent chemical actions by means of equations. The follow- 
ing is an equation for a reaction we have already studied : 


2Mg-t-Og = 2MgO. 


Study Fig. 94 which illus- 
trates the meaning of this 
equation: Note that mole- 
cules of gases and atoms of 
solid elements are represented 
in equations. This is why we 



Fig. 94. 

write Og and not O. 



We write 
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aMg and not Mgj because aMg means a atoms of magnesium. 
Mg2 would mean one molecule of magnesium assuming the 


The commoner elements Symbol 

Atomic 

weight 

Aluminium . 

. . Al 

{approx.) 

a? 

Arsenic 

. . As 

75 

Barium. 

. . Ba 

137 

Bromine 

. Br 

80 

Calcium 

. . Ca 

40 

Carbon 

. C 

la 

Chlorine 

. Cl 

35-5 

Chromium . 

. Cr 

5a 

Cobalt 

. . Co 

59 

Copper (Cuprum) 

. Cu 

63-5 

Fluorine 

. F 

19 

Helium 

. He 

4 

Hydrogen . 

. PI 

I 

Iodine 

. I 

187 

Iron (Ferrum) 

. Fc 

56 

Lead (Plumbum) . 

. Pb 

ao7 

Magnesium . 

• . Mg 

24 

Manganese . 

. Mn 

55 

Mercury (Hydrargyrum) . Hg 

aoi 

Nickel. 

. Ni 

59 

Nitrogen 

. N 

14 

Oxygen 

. O 

16 

Phosphorus . 

. P 

31 

Potassium (Kalium) 

. K 

39 

Silicon. 

. Si 

a8 

Silver (Argentum) 

. Ag 

108 

Sodium (Natrium) 

. Na 

23 

Sulphur 

. S 

3a 

Tin (Stannum) 

. Sn 

119 

Zinc . 

. Zn 

65 


molecule to be diatomic. The structure of the molecules of 
the solid elements is often very complex and we assume that 
their atoms enter into the reaction separately. 

The number and kind of atoms on the right-hand side is the 
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same as on the left-hand ade. This must he so if the Law of 
Conservation of Matter is true. 

The equation is interpreted: Two atoms of magnesium 
react with one molecule of oxygen to form two mnlppiilw of 
magnesium oxide. 

There is much information that the equation does not give. 

. It does not say whether heat is required, or whether the sub- 
stances employed are solids, liquids, or gases. It does not tell 
whether the action is slow or violent. Chemistry can never 
become an exercise in forming equations, nevertheless the 
equations are very useful. 

It is intended that the following equations shall serve two 
purposes: to familiarize you with the use of equations, and at 
the same time revise reactions which we have already studied. 
All reactions represented by the equations have been dealt 
with previously. You should refer to them as you study the 
equations. 

aCu+Oj = aCuO. 

Two atoms of copper combine with one molecule of oxygen to 
form two molecules of cupric oxide. 

S-f-Oj = SO}. 

One atom of sulphur combines with one molecule of oxygen 
to form one molecule of sulphur dioxide. 

C-I-Oj = CO,. 

One atom of carbon combines with one molecule of oxygen 
to form one molecule of carbon dioxide. 

aHgO = aHg-f-O,. 

Two molecules of mercuric oxide decompose into two atoms 
of mercury and one molecule of oxygen. 

aPbO, = aPbO-t-O,. 

Two molecules of lead peroxide decompose into two mole- 
cules of lead monoxide and one molecule of oxygen. 

aKQO, = aKCl-l-sO,. 
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Two molecules of potassium chlorate decompose into two 
molecules of potassium chloride and three molecules of oxygen. 

SOj+HjO = HjSOg. 

One molecule of sulphur dioxide reacts with one molecule 
of water to form one molecule of sulphurous acid. 

GO,+HjO = HaCOs. 

One molecule of carbon dioxide reacts with one molecule 
of water to form one molecule of carbonic acid. 

CaCOa+aHCl = CaCla+HaO+COa. 

One molecule of calcium carbonate reacts with two molecules 
of hydrochloric acid to form one molecule of calcium chloride, 
one molecule of water, and one molecule of carbon dioxide. 

CaCOa+HaSOi = GaSOt+HaO+GOj. 

One molecule of calcium carbonate reacts with one molecule 
of sulphuric acid to form one molecule of calcium sulphate, 
one molecule of water, and one molecule of carbon dioxide. 

aNaHGOg = NaaCOa+HaO+GOa. 

■Two molecules of sodium bicarbonate decompose into one 
molecule of sodium carbonate, one molecule of water, and one 
molecule of carbon dioxide. 

■ The following equations are given without interpretation. 
Refer to the summary (p. 83) and try to interpret the equa- 
tions: 

The action of heat on chalk (calcium carbonate). 

GaGOj = GaO+GOg. 

The action of water on calcium oxide (quick-lime). 

GaO-t-HgO = Ca(OH)a. 

The action of carbon dioxide on lime water (a solution of 
calcium hydroxide). 

Ga(OH)a 4 -COa = CaGOg+HgO. 
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The action of carbon dioxide on a suspension of calcium 
carbonate in water. 

CaCOa+HaO+CO* = GaCHCOs)^. 

The action of heat on a solution of calcium bicarbonate in 
water. 

Ca{HC 03 )j = GaCOa+HjO+COa. 

REAGTING WEIGHTS 

We have interpreted the above equations as statements of -■ 
reacting atoms and molecules. We can also interpret them as 
statements of reacting weights. 

The molecular weight of a substance (element or compound) is 
the weight of one molecule of the substance compared with the 
weight of one atom of hydrogen. Thus it is the sum of the 
atomic weights of all the atoms in the molecule; e.g. the mole- 
cular weight of hydrogen, Ha is 2, oxygen, Og is 32, calcium 
carbonate, GaCOa is (40-|-i2-f3X 16) — 100. This means 
that I molecule of calcium carbonate is the weight of 100 atoms 
of hydrogen. 

Gonsider the equation 

GaGOa + HaSO* = CaSOa -|- HgO -f COa- 

(40-1-12+48) (a+39+64) (40+32+64) (2+16) (12+32) 

100 98 136 18 44 

ig8 igS 

We have idready interpreted this equation as a statement of 
reacting molecules, i.e. i molecule of calcium carbonate 
reacts with i molecule of sulphuric acid to give i molecule of 
calcium sulphate, i molecule of water, and i molecule of 
carbon dioxide. Below the formulae are written the molecular 
weights of the molecules concerned in the reaction. As these 
are, by definition, referred to the same standard (the weight of 
I atom of hydrogen) it is clear that these numbers represent 
the relative weights of the substances in the reaction. The 
equation may now be interpreted as follows: 100 parts by 
weight of calcium carbonate react with 98 parts by weight of 
sulphuric acid to give 136 parts by weight of calcium sulphate. 
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1 8 parts by weight of water, and 44 parts by weight of carbon 
dioxide. 

The sum of the reacting weights on one side of an equation 
is, of course, equal to the sum of the reacting weights on the 
other side, otherwise it would not be, in accordance with the 
Law of Conservation of Matter. 

Instead of ‘parts by weight’ we may write ‘grams’, or ‘lb.’, or 
any other unit of weight, and in calculations it is usual to do so. 


Eixamples 

I. What weight of quicklime can be obtained by heating 
1 ton of limestone? 

We first write the equation for the reaction. 

CaC03 — CaO CIO2. 

(40+12+48) (40+16) 

100 56 

As we are not concerned with the carbon dioxide in this problem 
it is unnecessary to calculate its molecular weight. All that is 
necessary is that the equation should be correct. 

100 tons of limestone yield 56 tons of quicklime. 
Therefore i ton „ „ yields O'sG „ „ „ 

a. What weight of potassium chlorate will yield 5 gm. of 
oxygen when the potassium chlorate is heated? 

aKGlOg = aKGl + sOa 
8(39+35-5+48) 3 x3a 

845 96 

This time we are not concerned with the potassium chloride 
SO we can neglect it. Note also that we have a molecules of 
potassium chlorate and 3 molecules of oxygen so the molecular 
weights must be multiplied by 2 and 3 respectively. 

96 gm. of oxygen are obtained from 245 gm. of potassium 
chlorate. 


5 gm. of oxygen are obtained from 
potassium chlorate. 


245X5 

96 


= 12-76 gm. of 
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REACTING WEIGHTS AND VOLUMES 

In the last problem we dealt with the weight of a . gas. It is 
much more convenient to deal with the volumes of gases rather 
ftian with their weights because it is difficult to weigh gases but 
easy to find their volumes. 

The molecular weight of a substance, with the word grams 
written after it, is called the grath molecular weight (or gram mole- 
cule) of the substance. The molecular weight of oxygen is 3a and 
its gram molecular weight is 3a gm. It is known that the 
gram molecular weight of any gas occupies aa‘4 litres when 
measured at N.T.P. (Gh. XXIV). It is not necessary to give 
the proof in a book on General Science, but it is a useful fact 
and should be remembered. It means, for example, that 2 gm. 
of hydrogen, 32 gm. of oxygen, or 71 gm. of chlorine all occupy 
aa-4 litres at N.T.P. Let us consider in this light the equation 

aKClOa = aKCl+sOa. 

axiaa'5 3X3“ 

Now 32 gm. (i.e. the gram molecular weight) of oxygen 
occupies aa'4 litres at N.T.P. So for every 32 gm. we have 22-4 
litres. We can, therefore, interpret the equation as follows: 

245 gm. of potassium chlorate when heated yields 67'2 (i.e. 
3 X 22-4) litres of oxygen at N.T.P. 


Example. What volume of sulphur dioxide measured at 
N.T.P. is obtained when 4 gm. of sulphur are burnt completely 
in air or oxygen? 

S + Ojj = SOg. 

33 gTTii 22*4 

Note that (i) we are not concerned in this calculation with 
either the weight or volume of oxygen, (11) we need not to 
the gram molecular weight of sulphur dioxide as we toow this 
is represented by the formula of the molecule, and we can 
write 22'4 litres for every molecule. 

32 gm. of sulphur yield 22-4 litres of sulphur dioxide at N.T.P. 

4 » » » » « » ” ” ” ” 


9 » »9 
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REACTING VOLUMES 

Sometimes we have a problem to solve which deals only 
with the volumes of gases and no weights are given. Consider 
the equation 

aHa+Og = aHaO. 

Two molecules of hydrogen combine with i molecule of 
oxygen to form i molecule of water. Then when the gases are 
measured at N.T.P. a X aa-4 litres of hydrogen combine with 
aa-4 litres of oxygen to form water. It follows, then, that a 
volumes of hydrogen combine with i volume of oxygen to form 
water, and this is true whether the volumes are measured at 
N.T.P. or not, so long as they are measured at the same tem- 
perature and pressure. 

We cannot deal with water in the same way because water 
is a liquid below ioo“ G., but if we measured the volumes of 
the gases at some temperature above ioo° C. we could inter- 
pret the equation thus: a volmnes of hydrogen combine with 
I volume of oxygen to form a volumes of steam. Thus lo c.c. 
of hydrogen produce i o c.c. of steam if they are both measured 
at the same pressure and temperature above ioo° G. 

Further examples involving the interpretation of equations 
will be given when we have studied more chemical reactions. 


QUESTIONS 

I. Define (a) atom, (J) molecule. Interpret the following equation 
as a statement of reacting molecules : 

Ca(HGO,), = GaCOg+HaO+COg. 

What important facta about this reaction does this equation not tell 
you? 

a. State the Law of Gonstant Gomposition and explain it by means 
of an example. 

3. What are the differences between a mixture and a compound? 
Illustrate by giving examples. 

4. Interpret the equations given on p. 170. 

5. Explain carefully, giving examples, what is meant by the term 
equivalent wdght. What is its relation to the atomic weight of an 
element? 
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6. Some mercuric oxide was heated strongly until it was all decom- 
posed into mercury and oxygen. The following weighings were 
obtained: Weight of mercuric oxide heated = a-iS gnu; Weight of 
mercury left = a-oa gm. Calculate the equivalent weight of mercury. 

7. What volume of carbon dioxide (measured at N.T.P.) is evolved 
when 5 gm. of calcium carbonate are treated with sufGcient dilute 
acid? 

8. What weight of magnesium is required to make 10 gm. of 
magnesium sulphate? What weight of sulphuric acid is used in the 
process? 

g. When the gas methane (CH^) is completely burnt in oxygen the 
reaction may be represented by the equation: 

CH.-|-aO, = G 0 ,-t-aH, 0 . 

What volume of oxygen is required for the complete combustion of 
500 C.C. of and what volume of carbon dioxide is produced, 

assuming that the gases are measured at the same temperature and 
pressure. 


EXAMINATION QUESTIONS 
I. A four-foot length of wide glass tubing is scaled at one end and 
a small muslin bag of iron filings is pushed into it * “ 

wedged tightly at the sealed end. The tube is then half filled with 
water, inverted in a dish of water and left out-of-doors for some nme. 

Discuss the physical and chemical factors which may affect the 
level of the water in the tube. Make a drawing of the arrangement 
showing the approximate level which the water will ultimatel^e^ach. 

a. How would you obtain hydrogen from (a) cold water, (6) steam, 
(c) dilute acid? Describe experiments (one in each c^e) to *ow 
(a) that hydrogen is lighter than air, (6) that water is form 

of . rfinip pnnp. Explain how .ono^heno pro^ « o.rf » 
furnish a jet of water in this pump. How is the jet i^taine g 

the downward stroke of the plunger? Name two places in 

T, 

differences between the respiratory processes of (a) a higher anim 
and a green plant, ( 4 ) a man and a tadpole. 
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' I 

5. Leaves from two different potted plants were taken, de.| 

colourized by removing the chlorophyll and treated with iodifle| 
solution. Leaf i 4 showed a dark stain, leaf B did not. j 

(i) Describe one method by which the decolourization could have 1 

been carried out. '■ 

(ii) What substance was shown fay this test to be present in leaf il? < 

(iii) What suggestion can you make as to the conditions in which i 

the two plants had respectively been kept for a period just before the \ 
leaves had been picked? [N.J.B,] | 

6. Carefully explain how you would proceed to discover what i 
gas, or gases, are given off by germinating green pea seeds. [Lond.] f 

7. Draw a diagram of the apparatus you would set up to demon- j 

strate that (a) a potato, (b) a small animal such as a frog or mouse, I 
gives off carbon dioxide during respiration. Would airy special pie. | 
cautions have to be taken if, instead of the potato or animal, youi| 
substituted a small green potted plant? [Lond,] | 

8. How would you show that carbon dioxide (a) is heavier than j 
air, (i) can be used to put out a petrol fire, (c) contains carbon? [ 
Describe an experiment to show that carbon dioxide is necessary for c 
starch formation in green plants. What is carbon dioxide ‘snow’ and { 
why is it used by the ice cream vendor to keep the ices solid? [Lond,] ] 

g. De^ribe what may be seen, and explain the changes that i 
occur, when the following substances are (separately) exposed to 1 
moist air for some time: (a) quicklime, (i) caustic soda, (e) anhydrous \ 
copper sulphate, (d) iron. [C.W.B.] ; 

10. Differentiate clearly between mixtures and compounds, illus- ^ 
trating your answer with two distinct examples of each class. Give | 
an account of the methods (ons in each case) which you would employ \ 
in an attempt to determine whether (a) a given clear liquid, and S 
( 4 ) a given powder, were mixtures or compounds. Suggest (without i 
describing in detail) one method by which you could free the exhaust ’ 
gases of a motor car from the carbon dioxide whiclt they contain, ' 

[N.J.B.]: 

11. Write an essay on the gas carbon dioxide, dealing briefly with 
the following topics: (a) its occurrence and importance in nature; 
(i) its occurrence as a by-product of industrial processes; (c) the 
methods of manufacture on a commercial scale, and the, forma in 
which it is normally purchasable; (d) its practical uses. [N.J.B.] 

12. Describe in detail, with the aid of a diagram, an experiment to 

show that altliough a lighted candle may appear to ‘burn away’ the 
matter of which it is composed is not destroyed. [N.J.B,] 



INDEX 


Pp. 1-176 arc to Part I, Pp. t 77-528 

Absorption spectra, 595-6. 
Acceleration, 313-18. 
Accommodation, 582, 584. 
Accumulator, 683-5. 

Acetic acid, 297. 

Acetylene, 186; burner, 187. 

Acid, 61-3, 224 f. 

Acidic oxide, 63, 261. 

Acquired characters, 923-4, 961. 
Adiabatic heating, 442. 

Adiabatic lapse rate, 442 ; saturated, 

519- . 

Aero-engmes, 486. 

Aeroplane, 311; navigation of, 520. 
After-damp, 185. 

Air, animals in relation to, 86 f.; 
composition of, 50-6, 788; in- 
spired and expired, 86 ; in the soil, 
830; life in, 787-810; liquid, 453; 
speed, 521; vertical movements 
of, 517: weight of, 38. 

Air pressure, 37-49, 510 f.; applica- 
tions of, 46-^; measurement of, 
40 f. 

Airmen and wind velocity, 519 f. 
Alcohol, 295-7; b 3 a thermomelric 
liquid, 432. 

Alcurone, 724. 

Algae, 775. 

Alimentary canal, 736 f., 748. 
Alkali, 64, 144, 225, 229 f. 
Allotropes; carbon, 180, 211; phos- 
phorus, 222; sulphur, 211. 
Allotropy, 21 1. 

Alloys, 258 f. 

Alternator, 697. 

Altimeter, 44 f. 

Altitude, 511. 

Aluminium, 267-8; extraction of, 
681-3. 

Alveoli, 106. 

Amino-acids, 297, 727. 

Ammeter, 663-4. 

Ammonia, 196, 234, 253 f.; decom- 
position of, 254; liquefaction of, 
255, 452; reparation of, 253; 
properties of, 254-5; tises of, 255. 
Ammoniacal liquor, 193. 
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Ammonium: chloride, 234, 238; 
group, 238; hydroxide, 229; 
nitrate, 25a; sulphate, 227, 718, 
845 - 

Amoeba, 764, B54, 893-5. 

Amorphous, 70. 

Ampere, 663. 

Amphibian, 108, go6. 

Amplitude, 324, 470. 

Amylase, set Diastase. 

Analysis, 153. 

Aneroid barometer, 44 f. 

Angle, critical, 566 f. ; of deviation, 
55l» 57* ; of incidence, 545; of 
reflection, 545; refracting, 571. 

Anhydrous amt, 224. 

Animals; and respiration, 86-111; 
carnivorous and herbivorous, 236, 
706; class! fleation of, 922-3; cold- 
and warm-blooded, 494-5 ; colour- 
blindness in, 602-3; influence of 
light on, 529; in relation to air, 
86 f.; living in water, 815-18; 
movement of, 795 f. ; regulation 
of temperature in, 496; reproduc- 
tion in, 892 f. 

Ankle joint, 340. 

Anode, 154, 677. 

Anthracite, 190. 

Anti-cyclone, 515. 

Antiseptics, 78a. 

Ants, 904-5. 

Apparent altitude of a star, 565. 

Appendix, 743, 963. 

Aqua fords, 250; regia, 250. 

Aquarium, 819-22. 

Arcbimddes, 391. 

Archimedes’ principle, 390 f. 

Aristotle, 314, 920, 965, 

Arteries, 92, 106, 750. 

Arum, wild, 871. 

Asbestos, 460. 

Asphalt, 197. 

Asteroid, 985, 

Astigmatism, 584. 

Atmosphere, 37 f.; humidity of, 
500 f.; movements of, 509-24; 
pollution of, 190, 1 91, 220-1; 


1 
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pressure of, 37-49, 510 f.; un- 
equal heating of, 510 f. 

Atom, 159. 

Atomic energy, 368; weight, 165, 

686 . 

Attraction, 305. 

Atwood’s machine, 317. 

Avogfadro, 158. 

Bacteria, 780-4; and heat, 493; 
denitrifying, 717; in roots of 
lejB^umes, 717-18, 781. 

Baking powder, 76. 

Balance: ballistic, 350-1; chemical, 
335-7; iti animals, 382-5, 626, 
805; spring, 308-9. 

Balloons, 397. 

Barley, 724. 

Barometer, 40 f. ; aneroid, 44 f. 

Base, 22^ f 

Basic oxide, 229, aSi. 

Bast, 139. 

Battery, electrical, 632-3. 

Settle, voyage of, 949, 954. 

Bean, 72a. 

Beat, 326. 

Beaufort scale, 516. 

Bees, 905-6. 

Bell, Graham, 692. 

Benzene, iBo. 

Bicycle, 310, 355-7- 

Biennial, 293. 

Bile, 302, 741. 

Binary compound, 59. 

Binoculars, 573, 

Birds : regulation of temperature in, 
497; reproduction in, 912-15. 

Biuret test, 298. 

Bleaching, 242-3; powder, 242. 

Blood, 92-4, 750-9 ; circulation 
of, 92-4, 755; functions of, 759- 
63. 

Blue vitriol, sie Copper sulphate. 

Boiler gau^e, 403. 

Boiling-point, 424, 426, 436. 

Bones, calcium phosphate in, 221; 
of the arm, 338. 

Bourdon gauge, 410. 

Box-respirator, 241. 

Boyle, Robert, 400, 407. 

Boyle’s law, 406-7; application of, 
438-40. 


Brain, 808-10. 

Brake horse-power, 371. 

Brass, 258-9, 265, 267. 

Breathing: in man, 104; of rabbit, 
102. 

Brewing, 78, 294-7. 

Bridges, 418. 

Brine, 235. 

British Thermal Unit, 444. 

Broad-bean; flower, 863-4; seed, 
859-60. 

Bromine, 243, 245. 

Bronchi, 97. 

Bronze, 258-9, 265, 266-7. 

Budding, 878-80. 

Bulb, 876. 

Bumps, 517. 

Bunsen burner, 201 f. ; flame, 201, 
204. 

Bunsen’s grease-spot photometer, 
543- 

Burning, 64; and explosion, 204; of 
air in coal gas, 208; of coal gas in 
air, 208; of hydrogen sulphide, 
214. 

Butter, 734. 

Butter-cooler, 451. 

Butterfly, Cabbage White, 900-3. 

Buys Bmlot’s law, 516. 

Cabbage, 293. 

Calcium, 143, 728; bicarbonate, Br, 
83, 227, 274; carbide, 186; carbo- 
nate, 77-83, 227; chloride, 66, 
238, 274; hydroxide, 79, 81, 83; 
nitrate, 846; oxide, 77-g, 83; siU- 
phate, 227, 274. 

Calorie, 444, 767. 

Calorific value of a gas, 444; of a 
food, 767. 

Calorimeter, fuel, 768. 

GaU, 51, 52. 

Cambium, 139, 724. 

Camera, photographic, 580; pin- 
hole, 579; stop, 581-2. 

Canals, semicircular, 626. 

Candle, burning of, 207; flame, 

- 205-6; power, 539. 

Cane sugar, 290, 721. 

Capillaries, 92, 750. 

Capillary action, 206, 638-40. 

Capstan, 357. 
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Carbohydrate, tag, i8o, 386 f.; 

classification of, aga. 

Carbon, 5a, 6a; assimilation, lag- 
41; compounds of, 180 f.; cycle, 
ig7; microphone, figg. 

Carbon dioxide, 6a, 6g, 71-8, 80; 
absorption of, 74; balance of, in 
stir, 130; essential to a plant, 134; 
liquefaction of, 45a. 

Carbon disulphide, 57. 

Carbon monoxide, 181 f.; as a fuel, 
183 ; as a poison, 184; preparation 
of, 181; properties of, 18a. 
Carbonic acid, aag-ti. 

Carnivorous animals, 336. 

Castoi>oil seed, 734. 

Catalyst, 60, 343, 387-8. 

Cathode, 154, 677. 

Cat’s eye, 531. 

Caustic potash, aag; soda, aagf. 

Cdl, ao; sapi, 36; vacuole, a6. 

Cell, electric: dry, 650-1; Le- 
clanch^, 338, 64^50; secondary, 
683-5; voltaic, 645. 

Cellophane, agi. 

Cellulose, 386, agi, 733. 

Cement, 80. 

Centigrade thermometer, 435. j 
Centre of gravity, 376 f. 

Chalk, 70-1, 77, 83. 

Charcoal, 5a; animal, 178; wood, 
177. 

Charles’s law, 438-40. 

Chemical action and heat, 64, 414; 
effect of an electric current, 654, 
676-7. 

Chile saltpetre, 7, 353. 
Chlantfdomonas, 813, 881. 

‘Chloride of lime’, see Bleaching 
powder. 

Chlorides, 335 f., a6i ; teat for, 334. 
Chlorination of water, 343. 

Chlorine, 5g, 33gf.; comrnercial 
preparation, 343 ; preparation of, 
340; properties of, 340-1, 345; 
uses of, 343-3. 

Chloroform, 343. 

Chlorophyll, ia6, 133; conditions 
necessary for formation of, 133; 
necessary for the production of 
starch, ia8; removal of, from 
leaves, 534-5; spectrum of, 535. 


Chloroplast, 31, 133. 

Chromatic aberration, 533. 
Chromosome, 335, 

Cilia, 105. 

Ciliary muscle, 583. 

Cinematograph, 583, 585-6. 
Circulation of the blood, 33-4, 755. 
Clarke’s process, 377. 

Classification of living things, 330-3. 
Clay, 838 ; effect of lime on, 841 . 
Clinical thermometer, 438-g, 
Clothing, 460. 

Cloud, 506; cumulus and stratus, 
518. 

Clover, 718. 

Coal, 183 f.; as a fuel, 130; bitumi- 
nous, igo; by-products of, 135 f.; 
dry distillation of, igi; hydro- 
genation of, ig8; manufacture of 
petrol from, ig8; origin of, i8g. 
Coal-gas, 157, 184, 133-4; as a fuel, 
134; conmosition of, 134; manu- 
facture of, 133, 133-4. 

Coal-tar, 133, ig6. 

Cohesion, 415. 

Coke, 135-6. 

Cold-blooded animals, 434-5. 
Colloids, 300. 

Colour, 588 f.; in nature, 603-3; of 
Ac eye, 603; of Ae sky, 603, 604. 
Colour-blindness, 601, 603. 

Colours, complementary, 600; of 
flames, 536; of rainbow, 588; 
primary, 600. 

Combustion, 64; slow, 64 f. 

Comet, 386. 

Common salt, see Sodium chloride. 
Commutator, 635. 

Compass, magnetic, 641-4. 
Compound, 56-8. 

Concrete, 80. 

Condensation, 8, g. 

Conduction, 457 f. ; applications of, 
458-60; theory of, 461. 
Conductor, electrical, 65a; resis- 
tance of, 665. 

Conservation of matter, 1 61; of 
momentum, 331. 

Constant: composition, 161 ; pressure 
gas thermometer, 441 ; volume 
gas thermometer, 441. 

Contact process, 317-18. 
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Contraction by cooling, 418!.; ap- 
plications of, 430- 1. 

Convection, 461, 465 f. 

Copper, 31, 258-9, 265-7; alloys of, 
206-7; oxide, 152; pyrites, 266; 
sulphate, 227; uses, 266. 

Coral, 77, 82. 

Corm, 721, 876. 

Cornea, 532. 

Corpuscles, 93, 760, 

Covuomb, 686. 

Couple, 340. 

Critical angle, 566 f.; pressure, 452; 
temperature, 452. 

Crops, rotation of, 846-8. 

Crystallization, 6, 7; in nature, 7: 
purification by, 7. 

Crystalloids, 300. 

Crystab, 6, 234. 

Current, electric, 645-55; chemical 
effect of, 654, 676^7; heating 
effect of, 654, 667-75; induced, 
689; magnetic effect of, 654, 656 f. 

Dalton, 158. 

Darwin, Charles, 927, 949, 953-4. 

Date seed, 723. 

Davy, 459; lamp, 459. 

Daylight, artificial, 603. 

Deacon process, 242. 

Decantation, 4. 

Dcclinadon, 643. 

Defective vision, correction of, 583- 
4 - 

Deliquescent, 252. 

Density, 387 f.; bottle, 389; by fluid 
pressure, 403; ofliquids, 38B, 403; 
of solids, 388; optical, 563; rela- 
tive, 388. 

Depths, effects of, on man, 410-13. 

Desiccator, 65 f. 

Destructive distillation of coal, 193. 

Deviation, angle of, 551, 571. 

Dew, 502-6; formation of, on the 
gromid, 505. 

Dewar flask, 453. 

Dew-point, 502-4. 

Diamond, 179. 

Diaphragm, roof. 

Diastase, 138, 287. 

Dicotyledon, 861. 

Diffusion: Graham’s law of, I20; in 


liquids, 29; of gases, iigf.; of 
light, 546; of solids, 120; through 
a membrane, 299. 

Digestion, 736. 

Digestive systems: &og, 746; man, 
736 f., 745; rabbit, 744. 

Disease, defence against, 760. 

Disinfectant, 243. 

Dispersal of seeds, 873-6. 

Dispersion, 590-2 ; and wave theory, 
597 - 

Dissociation, electrolytic, 677. 

Distillation, 8, 277; destruedve, 193; 
dry, 193; natural, 10. 

Diver, effect of air pressure on, 412. 

Dodder, 772-3. 

Dogfish, reproduction of, 907. 

Downward delivery, 73. 

Drift, 522. 

Dry cell, 238, 650-1 ; cleaning, 5. 

‘Dry snow’, 75. 

Dr^ong agents, 65, 66. 

DuedUty, 260. 

Duodenum, 741, 746. . 

Duralumin, 267-8. 

Dynamo, 696-7. 

Dyne, 323. 

Ear: frog’s, 626-7; human, 624 f. 

Earth: as a magnet, 641-4; attrac- 
tion of, 3to-r I ; in space, 965-87; 
revolution of, 974; shape of, 31 1, 

965- 

Earthworm and the soil, 854; nutri- 
tion of, 765; respiration of, 90. 

Ebonite, 212. 

Echoes, 627-8. 

Eclipses: moon, 538; sun, 539. 

Efficiency, 344 f. 

Efflorescence, 225. 

Egg-albumen, 298-9. 

Egg, hens’, development of, 913-14. 

Eggs, sulphur in, 213. 

Elasticity, 319. 

Electric: battery, 652-3; bell, 660. 

Electric current, 645-55, i 
chemical effect of, 654, 676-87; 
heating effect of, 654, 667-75; 
magnetic effect of, 654, 656-65. 

Electric: fuse, 670; healer, 671 ; iron, 
672; lighting, 672-3; motor, 694- 
6; switch, 669-70. 
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Electrical: conductor, 65a ; insulator, 
65a; potential, 645-6, 651. 

Electric^ power, distribution of, 
69O; production of, 69S-701 ; unit 
of, 673-4. _ 

Electrical resistance, 651-a. 

Electricity: measurement of, 663-3; 
units of, 663; uses of, 634. 

Electro-chemical equivalent, 686. 

Electrode, 647, 677. 

Electrolysis, 676-83; laws of, 685-7; 
of copper sulphate solution, 679; 
of hydrochloric acid, 677; of sul- 
phuric acid, 678; of water, 153-5, 
678. 

Electrolyte, 676. 

Electrolytic dissociation, 677. 

Electro-magnet, 659. 

Electro-magnetic waves, 598-9. 

Electro-motive force, 647. 

Electro-plating, 680-1. 

Element, 50. 

Elements heated in the air, 51 f. 


Elodea, 118, 193, 

Embryo, 299, 859, 866. 

Emulsion, 276, 302. 

Energy, 141, 364 ^.; and food, 765- 
7 ; andliving things, 702 f. ; atomic, 
368; conservation of, 366-7, 705; 
heat, a form of, 414-15! kinetic, 
365 f. ; potential, 365 f- ! radiation 
of, from the sun, 47 1 , 705-6 ; trans- 
formation of, 365-71 4631 535 j 
705-7. 

Engines; aero, 486-7; gas turbine, 
4B7-91 internal combustion, 418, 
484-6; steam, 482-4. 

Environment, 787, 924, 960 1 

Enzyme, 138, 988, 300, 739 f. 

Epidermis, 21-2, 116, 139. 

Epiglottis, 739- 

Epsom salts, 147, 227. _ 

Equations, 1671.; interpretation or, 
169 f.; reversible, 974. 

Equilibrant, 374. 

Equilibrium, 379-80. 

Equivalents, 162, 686-7; deter- 
mination of, 164—5; elcctro- 
diemical, 686. 

Ester, 301. 

Etching, 950. 

Ether, 468. 


Etioladon, 134. 

Eustachian tube, 625. 

Evaporation, 4; causes cooling, 

451 f.; fractional, 453. 

Evolution, 944-64; and man, 962; 
biological evidence for, 950-3: 
Darwin’s theory of, 954-60; 
evidence of, from fossils, 945; 
geographical evidence of, 949; 
Lamarck’s theory of, 960 f. 
Excretion, 9, 761-4. 

Expansion: apparent and real, 421 ; 
applications of, 420-1 ; elfects of, 
41&; of gases due to heat, 422-3, 
437 f.; of liquids, 491 f.; of solids, 
416-17. 

Explosion and burning, 904. 
Explosives, 251, 253. 

Extraction of sulphur, 9 10. 

Eye, 530-2, 5B1 f.; blind spot of, 
589; cat’s, 531; colour of, 603; 
dissection of, 531 ; of fish, 582 ; of 
frog, 589. 

Factors, Mcndelian, 933. 

Fahrenheit thermometer, 494. 

Falling body, 314-17. 

Faraday’s laws, 685-7. 

Fats, 301, 75B; action of lipase on, 
302; as a food reserve, 724; 
hardening of, 157. 

‘Fatty’ adds, 301. 

Feeding, 70B i. 

Fehling’s solution, 129, 288. 
Fermentation, 995; of sugar solu- 
tion, 296. 

Fern, reproduction of, 890-2. 
■Ferrous sulphide, 213. 

Fertilization, 865-6, 938. 

Fertilizers, 843-6. 

Fields of force, 639-41, 656. 
Filament, electric, 679-3. 

Filter beds, 14-15. 

Filtering, 4-5. 

Filtrate, 5. ... 

Fire, 18a; damp, 185; extmgmshers, 
74 f. 

Fish : eye, 589 ; reproduction, 906-7 . 
‘Fi^-tail’ burner, 202. 

Fixed points of thermometer, 495-6. 
Flame, 900-9; bunsen, 201-4; 
candle, 205-6; colour of, 596; 
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luminous, 305; of acetylene, 187; 
of a hydrocarbon, 187; of carbon 
monoxide, 200; of hydrogen, 200; 
of methane, 187; oxy-acetylene, 
18^; parts of, 200 f. 

Fleming, Alexander, 769. 

Floating bodies, 392. 

Flower, 863-73. 

Fluid, 10. 

Fluid pressure, 399 f. 

Focal length: of convex lens, 574-5; 
of mirror, 555. 

Fog, 505. 

Food: and energy, 703-4, 708, 727, 
765; calorific value of, 767; cap- 
ture of, 734; chains, 734-5! effect 
of freezing on, 493-4! movement 
of, 709,719; necessity for, 708; of 
animals, 726 £; of green plants, 
704-5, 709 f.! preservation of, 
493; reserves in seeds, 292, 301, 
722-5; storage of, 140, 721 f., 
748 fT; supply, 794; transport, 
748 £, 756; using, 708 £, 765. 

‘Fool’s gold’, 220. 

Fotoamn\faa, 82, 826. 

Force, 304 £, 323; measurement of, 
312, 323; resolution of,375! resul- 
tant, 373 £ 

Forces acting on a body, 373 £; 
parallelogram of, 373 £ 

Forearm, movements of, 338. 

Formulae, 16G. 

Fractional evaporation, 453. 

Fraunhofer lines, 596. 

Freezing, effect of, on foods, 494. 

Freezing, quick, 494. 

Freezing-point, 424, 426. 

Frequencies, ratios o£ 615. 

Frequency, 470, 61 1 £ 

Friction, 309-10, 360-3; and heat, 
364; reduction of, 363. 

Frog: colour change m, 529; diges- 
tive system of, 74G; dissection of, 
95-7» 746-8; ear of, 626-7; eye 
of, 583; influence of light on, 529; 
internal organs, 96-7; respiration 
in, 91-9; reproduction in, 907- 
12. 

Frontal rain, 517. 

Frost, 506. 

Frost-bite, 497. 


Fuel, 1B3, 190. 

Fungi, 769; reproduction in, 887- 
90. 

‘Fur’, 280. 

Galaxy, 986. 

Galileo, 41, 314-16, 324, 967-B. 
Galton, Francis, 926. 

Galvanized iron, 268. 
Galvanometer, 661-2. 

Gas-carbon, ig6. 

Gas equation, 439; pressure of, 
4oSf.; thermometers, 440-1. 
Gas-mask, 177. 

Gases, convection in, ^.65 f. ; diffu- 
sion of, I ig £ ; expansion of, 422 £, 
437 ; liquefaction of, 407, 452. 

Gas- tar, 193, 196. 

Gastric juice, 740. 

Gas-turbine en^ne, 487. 

Gauges: boiler, 403; pressure, 409- 
10; rain, ii £ 

Geared wheels, 351-4. 

Genes, 939. 

Gcotropism, 801. 

German silver, 266. 

Germination, 860-2. 

Gills, 90, 107. 

Gland, 244; ductless, 759. 

Glass, 827-8. 

Glauber’s salt, 227. 

Glottis, 95. 

Glucose, 129, 288, 290, 721. 
Glycerine, 275. 

Glycerol, set Glycerine. 

Glycogen, 286, 757. 

Gold, 259; test for, 250; leaf, 260. 
Grafting, 878-80. 

Graham’s law of diffusion, 120. 
Graphite, 179; as a lubricant, 363. 
Gravity, acceleration due to, 314, 
318-ig; centre of, 376 £; force of, 
308, 310 £; specific, 38B. 
Greenhouse, heating of, by radiant 
heat, 472, 

Grid system, 700. 

Ground speed, 521. 

Growth, 2 ; of root, 849-53. 

Guard cells, 20-3. 

Gullet, 95. 

Gun metal, 266. 

Gunpowder, 251. 
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Gust, 517. 

Gypsum, see Calcium sulphate. 

Haber process, 256. 

Haematite, 263. 

Haemoglobin, 93 f. 

Hail, 507. 

Hair, 497. 

Halogens, 232, 243, 

Hardness of water, 272 f.; causes, 
274; removal, 277-9. 

Harvey, William, 92. 

Hay-box, 460. 

Head-lamp, motor-car, 558. 

‘Head’ of liquid, 402. 

Health, effects of relative humidity 
on, 5QI. 

Hearing, sense of, 606. 

Heart, 752-4. 

Heat, 414 f. ; a form of ener^, 414- 
15; and chemical action, 04, 414; 
and friction, 364; and living 
things, 493 f.; and molecular 
energy, 415; and respiration, 114; 
conduction of, 457 f.; convection, 
461 f.; expansion due to, 416; 
insulation, 474; latent, 448 f.; 
measurement of, 444 f. ; mechani- 
cal equivalent of, 483 f., 490-1 ; 
production of, 414; radiant, 471 ; 
specific, 444; transference of, 
457 f-> 47® h 

Heating effect of an electric current, 
667-75; ^ building, 463-5. 

Heights, effect of, on man, 410-11. 
Herbivorous animab, 236, 291, 706, 
748- 

Heredity, 920-43; human, 942. 
Hibernation, 495-6. 

Hoar-frost, 505. 

Homologous structures, 950-2, 962. 
Hope’s experiment, 434. 

Hormone, 759. 

Horse-power, 370, 674; brake, 371. 
Hot-water supply, 463. 

House-fly, 903-4- 

Human body, temperature of, 429. 
Humidity, 500 f.; relative, 500; in- 
dustry and, 501; determination 
of, 502; and health, 501. 

Humus, 835. 

Hybrid, 920, 929. 


Hydra, T15, 895-9. 

Hydraulic press, 405. 

Hydride, 261. 

Hydrocarbons, 180, 185. 

Hydrochloric acid, 71, 232 f.; in the 
stomach, 740; preparation of, 
233; propernes of, 233-4; fori 
234; uses of, 235. 

Hydrogen, 143, 148-53; action of, 
on black copper oxide, 152; 
burning of, in air, 151 ; uses, 157. 
Hydrogenation of coal, 198. 

Hydrogen sulphide, 212; burning 
of, 214; composition of, 212; in 
coal-gas, 194; preparation of, 
213; properties of, 214; test for, 
212, 214. 

Hydrolysis, 290-1 ; of fats, 302 ; of 
food reserves, 292-4. 

Hydrometer, 393-5. 

Hydrophone, 629. 

Hydrophyte, 813. 

Hydrotropism, 803. 

Hydroxides, 228-9. 

Hygrometers: Regnault’s, 503; wet 
and dry bulb, 504. 

Hygroscopic, 152. 

Hypsometer, 426. 

Ice, melting-point of, effect of pres- 
sure on, 435. 

Iceberg, 433. 

Iceland spar, T], 81. _ 

Illumination, intensity of, 539; 
power of, 539; comparison of, 

54® f- , 

Image: formed by a concave lens, 
579; by a convex lens, 573; per- 
sistence of, 582-3; size of, 5775 
virtual, 550. 

Impact, 320 f. 

Incandescent mantle, 205. 

Inclined plane, 315-16, 346-8. 
Incubator, 431. 

India-rubber, 221. 

Induction, 689!.; coil, 690-1. 
Inertia, 305 f. 

Infra-red rays, 598. 

Inheritance, laws of, 929; of two 
different genes, 940-1. 
Inoculation, 760. 

Insects, reproduction of, 899-906. 
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Insulator, 659. 

Intensity of illumination, 539. 
Intercellular spaces, 115 f-, 813—14; 

air in, 121; continuity of, 117. 
Intestine, 30a, 741, 743- 
Invar, 965. 

Inverse square law, 540, 632. 
Invertase, ago, 296. 

Iodine, 244-5; tincture of, 944. 
Iodized smt, 944. 

Ion, 677. 

Ionization, 677. 

Iris, 530, 532, 5Q9. 

Iron, 958-9, 262 f., 603: cast, 963-4; 
extraction of, 963; wrought, 262, 
264; chloride, 148; rusting of, 65- 
7; lung, 104; pyrites, 920; sul- 
phate, 148. 

Irritability, i ; in animals, 803 ; in 
plants, 800. 

Isobar, 514-15. 

Isotherm, 511-12. 

Jenner, Edward, 760. 

Jet propulsion, 487. 

Joule, James Prescott, 490. 

Joule’s equivalent, 491. 

Jupiter, g8g. 

Kainite, 846. 

Kelp, 244. 

Kidn^, 761. 

Kilowatt-hour, 675. 

Kinetic energy, 365. 

Kipp’s apparatus, 213. 

Klinostat, 800-1. 

Knop’s solution, 711, 

Lacteal, 758. 

Lactometer, 393. 

Lamarck, Jean Baptiste, 960. 
Lamp-black, 178. 

Land and sea breezes, 476-g. 
Larynx, 97. 

Latent heat, 448-9; effects of, 450 f.; 

methods of finding, 449-50, 
Latitude, 511, 968-70, 979-80. 
‘Laughing gas’, set Nitrous oxide. 
Lavoisier, 62—3, 194. 

Laws: Boyle’s, 406; Buys Ballot’s, 
516; Charles’s, 438] Faraday’s, of 
electrolysis, 685-7 ;.inverse square. 


540 f., 632 ; of conservation of 
energy, 36^8 ; of conservation of 
matter, 161, 368; of conservation 
of momentum, 321; of constant 
composition, 161; of inheritance, 
929; of reflection, 546; of re- 
fraction, 569-3, 591 ; Ohm’s, 663; 
Snell’s, 569-3, 591. 

Lead, 51, 259, 269-70; Chamber 
process, 918-ig; monoxide, 59, 
970; peroxide, 59; poisoning, 
980; sulphide, 214, 270. 

Leaf,_ 19-22, 39-3; and carbon 
assimilation, 132; structure of, 
19 f., 32-3. 

Leclnnchd cell, 238, 649-50. 

Legumes, 718. 

Lens: concave, 578; convex, 573 f.; 
of eye, 539, 573. 

Lenticels, 116 f. 

Leucoplasts, 140. 

Lever, 329-40. 

Lichens, 775. 

Light, 599?.; absorption of, , 533, 
594; and shadows, 537 f.; beam 
“I. 535-7) brightness of, 539 f.; 
infra-red, 598; influence of, on 
production of starch, 127; pro- 
duedon of, 535; reflecdon of, 533, 
545 f.; refracdon of, 561 f.; re- 
sponse of living things to, 529; 
transmitted, 533; travels in 
straight lines, 535; ultra-violet, 
598, 782-3; velocity of, 471, 982; 
years, 983. 

Lightning, 631, 691-z. 

Lignite, igo. 

Lime, 78-9; burning, 78; effect of, 
on clay, 641. 

Limestone, 77, 81, 

Lime water, 62, 79, 80, 83. 

Limiting ffiedon, 361-2. 

Lines of force, 639. 

Lipase, 309, 740, 742. 

Liquefaction of gases, 407, 459 f. 

Liquid, pressure of, 399 f. 

Liquid air, 453. 

Litharge, see Lead monoxide. 

Litmus, 61. 

Liver, functions of, 759. 

Living and non-living things, i ; and 
“'tSV) 702 f.; and heat, 493 f.; 
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characteristics of, i, s; classifica- 
tion of, 930-3; dependence on 
water and air, 3; distribution of, 
787-8; effect of extremes of tem- 
■ perature on, 493 ; in the soil, 853- 
6 . 

Living matter, 386. 

Loam, 833. 

Local action, 647-8. 

Lodestone, 635. 

Loess, 834. 

Longitude, 970-1. 

Lubrication, 363. 

Luminosity, 305. 

Luminous flame, 205. 

Lunra; of frog, gi, 93, 97-8; of 
rabbit, 105. 

Lupin, 716-17. 

Lymph, 758. 

Machines, 339 f. 

Magdeburg hemispheres, 40. 
Magnesium, 51, 53, 144-6; action of 
dilute acids on, 146; bicarbonate, 
274; chloride, 147, S74_; increase 
in weight when heated in the air, 
54; oxide, 58; sulphate, 147, 237, 
274. 

Magnet, 635, 637; earth as a, 641- 

4 - . . c ' 

Magnetic attraction, 635; compass, 

641-4; fields of force, 639-41; 
induction, 636-7; meridian, 643; 
repulsion, 635, 

Magnetism, 634-44. 

Magnetite, 635. 

Magnetization, 637-8, 657. 
Magnification, 577. 
Magnifying-glass, 576. 

Maize, 734, 860-a. 

Malaria, 817. 

Malleability, 260. 

Malpighi, 92. 

Maltase, 288. 

Maltose, 288. 

Mammals, 106; hibernating, 496. 
Mammoth, 494. 

Man: as a machine, 703-3; blood 
system of, 750-6; brain of, 808- 
10; digestive system of, 736 _£; 
regulation of temperature in, 
496-7. 


Manganese dioxide, 6a. 

Manometer, 409. 

Mantle, incandescent, 203. 

Manures, 843-6. 

Marble, 77, 8:. 

Mars, 985. 

Marsh-gas, 1B5. 

Marshall’s calorimeter, 449. 
Marsupials, 949. 

Mass, 309. 

Matdiea, 222. 

Matter: composition of, i38f.; law 
of conservation of, 161; living, 
appearance of, 20; states of, 9- 
10 . 

Maximum and minimum thermo- 
meter, 429. 

Mechanical advantage, 323 f. ; equi- 
valent of heat, 483 f. 

Megaphone, 632. 

Membrane, semi-permeable, sp; 
diffusion through, 399; tympanic, 
625. 

Mendel, Gregor, 929. 

Mercury as a thermometric liquid, 
43a ; oxide of, 58 ; the planet, 984. 

I Meridian, magnetic, 643. 

Mesophyll, 133. 

Mesophyte, 793. 

Metallic elements in plants, 714; 

thermometer, 430. 

Metals, 258 f.; and non-metals, 50; 
action on dilute acids, 146 f.; 
action on water, 143; and primi- 
dve man, 258; lustre of, 260; 
melting-points of, 260 ; properdes 
of, 33g-fli; tensile strength of, 
260. 

Metamorphosis, 900. 

Meteor, 966. 

Methane, 185. 

Method of mixtures, 446. 
Microphone, carbon, 693. 
Microscope : compound, 586 ; simple, 

575-fl- , . - r 

Milk, 738-4, 740; density of, 394: of 
lime, 79, 83. 

Mill^ Way, 986. 

Millibar, 45. 

Millon’s reagent, 299. 

Mill’s bomb, 353. 

I Mineral waters, 76. 
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MirE^e, 568-70. 

Mirror: concave, 553!.; convex, 
553 f.; curved, 5596; driving-, 
553. 557; paraboloidal, 558; 
plane, 549-50; shaving-, 553-4- 

Mist, 505. 

Misdetoe, 773. 

Mitotic division, 936. 

Mixtures and compounds, 56-8; 
separation of, 6. 

Modifications, 993-4. 

Moissan, 179. 

Molecular weights, 171. 

Molecule, 158-60; structures of, in 
allotropes, 21 1 ; of colloids and 
crystalloids, 300. 

Moment of a force, 331 f. 

Momentum, 319!.; conservation of, 

391. 

Monocotyledon, 861. 

Moon, 980-9; eclipse of, 538; phases 
of, 981-2. 

Mortar, 78, 80. 

Mosquito, 817. 

Motion, perpetual, 368-9. 

Motor, electric, 694-6. 

Motor-car, cooling-system of, 474-6; 
head-lamp, 558. 

Moulds, 768-70, 887-go. 

Mountain, height of, 45, 436; 
climbing, 410-11; temperature 
at the top of, 479. 

Movement, i ; at the ankle joint, 
340; of the forearm, 338. 

Mucor, 887. 

Mucous membrane, 94 f. 

Muscles; dliaiy, 583; of the fore- 
arm, 338. 

Musical instruments, 616 f. 

Mutations, 927. 

Mycorrhiza, 775. 

Myopia, see Short-sight. 

Natural gas, 185; selection, 954, 
956-9; waters, 19-13. 

Neptune, 985. 

Nerve, 383, 804; auditoiy, 696, 805; 
optic, 531, 539, 582, 806. 

Nervous system of man, 803-10. 

Neurone, 803-4; association, 807. 

Newton, Isaac, 308, 589. 

Newton’s disk, 590, 600. 


Nitrates, 951; action of sulphuric 
add on, 247. 

Nitre, see Potassium nitrate. 

Nitric add, 71, 947 f.; action of, on 
metals, 249; an oxidizing agent, 
249; decomposition of, 2^f.; 
preparation of, 248; properties of, 
2.^8; uses of, 250. 

Nitric anhydride, 949. 

Nitric oxide, 949-50. 

Nitrogen, 56, 67-6; and living mat- 
ter, 710; cyde, 715-19; fnmlion 
255-6; in the plant, 7x4; 
peroxide, 947. 

Nitrous oxide, 949-50, 959. 

Noble metals, 959. 

Nodules, 716 f. 

Noise, 609; prevention of, 639- 
3 - 

Non-metals, 50. 

Normal temperature and pressure, 
439 - 

Nudeus, 20, 935. 

Nutrition, 2, 736, B18. 

Ocean currents, 476. 

Octave, 6:5. 

Ohm, 663. 

Oil of vitriol, 217. 

Oleic add, 301. 

Olive oil, 976; action of lipase on, 
309. 

Opaque, 533. 

Optic nerve, 531, 532, 589, 806. 

Optical centre, 575; density, 563; 
lantern, 585. 

Organ pipe, 018 f.; vestigial, 953. 

Organic compounds, 181, 286 f. 

Origin of Species, 954. 

Orographic rain, 517. 

Oscillation, 324, 470. 

Osmosis, 26-^. - 

Osmotic pressure, 98. 

Oxidation, 64, 153; production of 
heat by, 414. 

Oxide, 58; addle, 63, 961; basic, 
229, 961; neutral, 961. 

Oxidizing agent, 153. 

Oxy-acetylene flame, 187. 

Oxygen, 56-8, 789, 791 ; as an ‘add 
maker’, 63; burning of elements 
in, 61-9; discovery of, 124; pre- 
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paration of, 6of.; properties of, 
61-4. 

Oxy-haemoglobin, 94. 

Oxy-hydrogen. blowpipe, 157. 

Ozone, 21 1. 

Paint, pigments in, 1 79, 22 1 , 269, 2 70. 
Palisade tissue, 132. 

Palmitic acid, 3O1. 

Pancreatic juice, 741-2. 

Paraboloidal mirror, 558. 

Paraiim oil, 188; wax, 188. 
Parallelogram of forces, 373-5; of 
velocities, 521. 

Parasite: animal, 776; plant, 771. 
Pasteur, Louis, 782. 

Pasteurization, 782. 

Pearls, 77. | 

Peat, 189, 832. 

Pendulum: clock, . 324, 418-ig; 

seconds, 326-7; simple, 324. 
Penicillin, 769-70. 

Penumbra, 538. 

Pepsin, action on protein, 300-1 ; in 
the stomadr, 740. 

Peptones, 300, 740 ' 

Perennials, 724. 

Pericardium, loi. 

Period, 325. 

Periodic time, 470. 

Periscope, 55X-2, 572-3. 

Peristalsis, 740. 

Permanent hardness, 274- 
Permeability of membranes, 29. 
Permutit process, 278-9. 

Peroxide, 239. 

Perpetual motion, 368-9. 

Petiole, 117. 

Petrol, 188; manufacture of, from 
coal, 198; engine, 484-6; exhaust 
fumes of, 184, 188-g. 

Petroleum, 18B. 

Pharynx, 95. 

Phase, 470. 

Phloem, 139. 

Phosphorus, 221-2. 

Photographic films, 234, 245, 580. 
Photography, 580-1. 

Photometer, Bunsen's grease-spot, 
543 - 

Photosynthesis, i2g f., 130; com- 
parison with respiration, 141. 


Phototaxis, 803. 

Phototropism, 802. 

Pick, as a lever, 335. 

Pigments, 600-1 . 

Pile-driving, 365. 

Pin-hole camera, 579. 

Pipe, organ, 618 f. 

Pitch, from tar, 197. 

of note, 597, 61 1 f. ; of screw, 330. 
Planet, 967, 982-6. 

Plankton, 823. 

Plant, escape of water from, 17, 18; 
composition of, 710, 714; food of 
green, 704, 709 f. ; movement of, 
799-803; relations to air, iia f.; 
relations to water, 176, 7926, 

813-14- 

Plants and animals compared, 3. 
Plasma, 92. 

Plaster of Paris, 227. 

Plastic sulphur, 210. 

Platinum, 250, 421. 

Plimsoll line, 395-6. 

Pluto, 985. 

Polarization, 648-9. 

Pollen, 864. 

Pollination, 866-73. 

Pond, balance of life in, 816 f.; 
freezing of, 435. 

Potassium, 144; chlorate, 59; chlo- 
ride, 237; nitrate, 247, 251; sul- 
phate, 846. 

Potato, 293, 877; bUght, 772; starch 

in, 135, 293. 72 1- , . , 

Potential energy, 365; electrical, 
645-6, 651, 662. 

Potometer, 23 f. 

Poundal, 323. 

Power, 370. 

Preservation of food, 493. 

Pressure, 399; at a gas tap, 404; at a 
water tap, 409 ; critical, 45a ; fluid, 
399 f.; gauges, 409; hydraulic, 
405 ; liquid, 399 f. ; of a gas, 406 f. ; 
of the air, 37-49, 5io-i3;_ effect 
on a diver, 412; transmission of, 

405- 

Priestley, 58, 62, 124. 

Primary colours, 600. 

Primrose, 87b. 

Prism, 571. 

Producer-gas, 183, 195. 
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Proteins, 897 f., 734; action of pep- 
sin on, 300. 

Protoplaam, so, 397. 

Ftyalm, sBg, 739. 

Pulleys, 357-60. 

Pulse, 7M- 

Pump: bicycle, 46; fire-engine, 49; 
force, 49; lift, 47-8. 

Quartz, 8S5. 

Quick freezing of foods, 494. 
Qpicklime, 77-9. 


Rabbit: brain of, 808; breathing 
movements of, tos; digestive sys- 
tem of, 744; dissection of, gg-ios, 
74.4-6; respiration of, 99-106. 

Radiant heat, 471. 

Radiation from sun, 468 f., 479-80. 

Radiators, 464-5, 471. 

Railway lines, 418. 

Rain, 10, 506; frontal, 517; oro- 
graphic, 517; relief, 517; summer 
and winter, 450. 

Rainbow, colours of, 588; formation 
of, 604-5. 

Rainfall, ii-is. 

Rain-|^uge, 1 1 f, 

Reacting volumes, 174; weights, 
171. 

Reaction : of a force, 305 ; reversible, 
274. 

Receiver, telephone, 692. 

Red lead, 270; phosphorus, 222. 

Reducing agent, 153. 

Reduction, 1 53 ; division, 938. 

Reflection: difluse, 546; of light, 

545 f- 

Reflex action, 806-7; spinal, 607. 

Refracting angle, 571. 

Refraction of light, 561 f., 59^-8; 
laws of, 563; through a prism, 

571 f- 

Refractive index, 563, 564-6. 

Refrigeration, 255, 454-5. 

Regelation, 435-6. 

Regeneration, 895. 

Regnault’s hygrometer, 503. 

Rennin, 7.^. 

Reproduction: s, 858-918; and 
struggle for existence, 955-6; 
asexual, 876; in animals, 892 f.; 


in birds, 912-15; in fish, 906-7; 
in mammals, 915-17; of amoeba, 
893-5; of broad-bean, 859-60; of 
butterfly, 900-3; of Chlam^o- 
monas, 881-4; of ferns, 890-2; of 
frog, 907-12; of fungi, 887-90; 
of house-fly, 903-4; of hjidra, 
895-9; insects, 899-906; of 
spire^a, 884-7; sexual, 865; 
vegetative, 876-^0. 

Repulsion, 305. 

Resistance of a conductor, 664-5. 

Resolution of a force, 375. 

Resonance, 620 f. 

Respiration, 2, 86-1 1 1 , ii 2-2 1 , 703 ; 
artificial, 104; comparison of 
plant and animal, 118-19; com- 
parison with photosynthesis, 141 ; 
in animals, 86-111; of animals 
living in water, 816; in earth- 
worm, 90; in fish, 107-&; in frog, 
gi-g; in insects, 108^; in man, 
106; in plants, 1 12-21 ; in rabbit, 
99-106; in some vertebrates, no; 
of aquatic plants, 118; of ger- 
minating seeds, 113-14. 

Retina, 532, 533, 581 ; persistence of 
image on, 582-3. 

Rhizome, 876. 

Rhombic sulphur, 211. 

Rickets, 600. 

Ripples, 548, 549, 551, 555-6, 558, 

563. 577' 

Ripple-tank, use of, 548. 

Rouet, 488. 

Rocks, time sequence o^ 946-7. 

Rolling friction, 363. 

Root, adventitious, 862, 877; growth 
of, 849-53; structure of, 33 f., 
851. 

Root-hairs, 25 f. 

Root-pressure, 34. 

Rotation of crops, 846-8. 

Rusting, 65 f. ; prevention of, 67. 

Safety matches, 222. 

Sal-ammoniac, sa Ammonium 
chloride. 

Saliva, 739. 

Salt, 224, 231, 235, 236. 

Saltpetre, see Potassium nitrate; 
Chile, 7, 25a. 
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Salts, 148, 3941., 251; acid, 396; 
anhydrous, 224; formation of, 
231 j in the soil, 835; normal, 926. 
Sal volatile, 255. 

Saponification, 275. 

Saprophyte, 770-1. 

Saturated adiabatic lapse rate, 313. 
Saturn, 985. 

Scissors, 334. 

Screw, 349-51- 
Screwdriver, 340-1. 

Screw-jack, 354. 

Seasons, 976-8. 

Sea-water, composition of, 892 ; ex- 
traction of smt from, 236-7; life 
in, 892-3; saltness of, 13, 237. 
Secondary cell, 683-5. 

Seeds: dispersal of, 873-6; germina- 
tion of, 992 f.; storage of food in, 
301. 

Segregation, 932. 

Self-filling fountain pen, 46 f. I 

Shadows, 537 f. 

Ships, 395. 

Short circuit, 670. 

Sieve tubes, 140. 

Sight, 539 f. ; long, 583-4; short, 584. 
Siuca, 825-6. 

Silk, artificial, 291. 

Silver, 959; bromide, 234; chloride, 

' 934; nitrate, 234; paper, 269; 

tarnishing of, 221. 

Siphon, 407-9. 

Siren, 612. 

Skeleton, 795-9- 

Skin, and regulation of temperature, 
497; structure, 763. 

Sky, colour of, 603. 

Sl^ed lime,_ 79 f. 

Sliding friction, 361. 

Smoke, emission of, 190. 
Snapdragon, 86g. 

Sneli’s law, 562-3, 591 . 

Snow, 436, 506. 

Soap, 975-b, 302; as a lubricant, 
363; solution, 273- 
Soda water, 76. 

Sodium, 143; bicarbonate, 996; bi- 
sulphate, 226, 932; carbonate, 
224-6; chloride, 235 f„ 241; 
nitrate, 7, 252, liB, 845; sulphate, 
226; thiosulphate, 242. 


Soil, 825 f.; air in, 830; composition 
of, 832; fertility, 841; formation 
of> 833 ) growth of root in, 849-53 ; 
humus in, 835-6; life in, 825-57; 
mechanical exanunation of, 831 ; 
micro-organisms in, 831 ; profile, 
833; salts in, 835-6; temperature 
of, 848; water in, 829, 837 f. 

Solar system, 982-6. 

Solder, 270. 

Solenoid, 657-8. 

Solubility, 282-4. 

Solute, 4. 

Solution, ^s; saturated, 6f. 

Solvent, 4 f. 

Sound, 606 f.; a form of energy, 
631-9; intensity of, 632; loudness 
of, 629; musicELl, 609; production 
of, 608 f.; reception of, 625-6; 
refiection of, 627-9; transmission, 
of, 699-5; velocity of, 629-31; 
velocity of, in water, 631 ; waves, 
623. 

Spade, as a lever, 334. 

Spathic ore, 263. 

Speaking-tube, 698-9. 

Species, 920; Origin of Species, 954 f., 
962. 

Specific gravity, 388 f.; bottle, 389; 
heat, 444 f.; methods of finding, 
44.6. 

Spectacles, 584. 

Spectra, absorption, 595-6; bright 
hue, 595; of vapours, 595. 
Spectroscope, 592. 

Spectrum, 590; analysis, 596; im- 
pure, 590; pure, 591; solar, 596, 
598-9. 

Spinal cord, 807, 808. 

Spiracle, 109. 

Spirits, 296; of salt, 232; of harts- 
horn, see Ammonia. 

Spirc^a, 613, 884-7. 

Spongy tissue, 139. 

Spore, 881. 

Sports, 997. 

Spring-balance, 308-9. 

Stability, 378-85. 

Stalactites and stalagmites, 83. 
Standard temperature and pressure, 
439 * 

Star, apparent altitude of, 565. 
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Starch, ia6, 135 f-, a86_f.; action of 
diastase on, aSy] action of dilute 
acid on, 137; action of saliva on, 
aSg; action of water on,_ 137; 
composition of, 136 f., aBy; in the 

. leaf, laS, laB; storage of, 140, 
yai; test for, ia6. 

Statocyst, 383-4. 

Statolith, 383, day, 806. 

Steam locomotive, 483. 

Stearic acid, 301-a. 

Steel, 363. 

Stem, structure of, 31 f., 139. 

Stereoscope, 534. 

Sterilization, 343, 78a. 

Stomach, 740-1. 

Stomata, aof., ii€. 

Stop, camera, 581-3. 

Storage of food, 140. 

.Stratosphere, 519. 

Sublimation, 338, 344. 

Submarines, 396. 

Sucrose, 990. 

Sugar, a86, 989-91 ; in the leaf, 
198 f.; reducing, 988, 990 j simple 
and compound, ago, agz; solu- 
tion, fermentation of, 396. 

Sugar cane, sei Sucrose. 

Sulphate of ammonia, see Ammo- 
nium sulphate. 

Sulphates, 148, 330, 397. 

Sulphide, 58, 314. 

Sulphur, 51 f., 61 f., 910-31; action 
of heat on, 210; allotropes of, 3 ii ; 
compounds in the atmosphere, 
290 f.; extraction of, 910; in egg- 
albumen, sgg; plastic, 310; rhom- 
bic, 211 ; uses of, 212. 

Sulphur lUoxide, 63, 214 f., 452; 
preparation of, 215; properties of, 
915; trioxide, 216. 

Sulphuretted hydrogen, see Hydro- 
gen sulphide. 

Sulphuric acid, si 7; manufacture 
of, 917 f.; properties of, aig-ao; 
uses of, 217. 

Sulphurous acid, 63. 

Sun, 983; eclipse of, 539; heating 
of tile earth by, 513; source of 
energy, 535, 705-6. 

‘Superphosphate', 217. 

Suspension, 4 f. 


Sweat-gland, 496-7. 

Syke's hydrometer, 394. 

Symbiosis, 774-6. 

Symbols, 166. 

Synthesis, 153; of hydrogen sul- 
phide, 219; of water, 151. 

Syringe, 47. 

Tadpole, development of, gii-12. 

Tapeworm, 777-9. 

Teeth, 738. 

Telegraphy, wireless, 598. 

Telephone, 692-4. 

Telescope, 586-7. 

Temperature, 416; absolute, 438; 
and heat, 42^-4; at the top of 
high mountains, 479; critical, 
453; of a soil, 848; regulation of, 
in animals, 496; scales, 427. 

Tension, 304. 

Therm, 444. 

Thermal capacity, 445. 

Thermometer, 424; Clentigr^e, 425 ; 
clinical, 49 8; Tahrenheit, 494; 
fixed points of, 425-6 ; gas, 440-1 ; 
maximum and minimum, 429- 
30; metallic, 430-1 ; scales, com- 
parison of, 427-B. 

Thermometric liquids, 433. 

Thermos flask, 473. 

Thermostat, 431. 

Thrust, 304, 399; total, 399. 

Thyroid, 244, 759. 

Thyroxin, 244, 

Time, apparent, 975; equation of, 
975; Greenwich Mean, 973, 975; 
local, 971-3; mean solar, 975; 
measurement of, 326-7; standard, 
973- 

Tin, 259, 269. 

Torricelli, 41 f. 

•Touch paper’, 951. 

Toxin, 760. 

Trachea, loi, 740; of insects, 109. 

Track of aeroplane, 521. 

Transformer, 699. 

Translucent, 533. 

Transparent, 533. 

Transpiration, 94, 34. 

Tropism, 800-3. 

Tropopause, 519. 

Troposphere, 519. 
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Tuber, 876. 

Turgidity, 35. 

Turnip, 293. 

Twaddell hydrometer, 394. 
Tympanic membrane, 625. 

Type metal, 270. 

Ultra-violet rays, 598, 782. 

Umbra, 538. 

Units, absolute and gravitational, 
„393. 34a- 
Uranus, 985. 

Ureter, 762. 

Urine, 76a. 

Vaccination, 76a. 

Vacuole, 26. 

Vacuum, 41 j flask, 473, 

Vapour pressure, 500. 

Variation, 923. 

Variations, 903; continuous, 926; 
discontinuous, 927; fluctuating, 
927; individual, 926; inheritance 
of, 928 f. 

Vascular bundle, 31 f. 

Vegetative reproduction, 876-80. 
Vein, ga, 106, 751. 753- 
Velocities, triangle of, 523. 

Velocity, 312-13, 520 f.; of a wave, 
471 j ratio, 344 f. 

Ventilation, 463-6; of coal-mines, 
463; of houses, 466-7. 

Venus, 983. 

Verdigris, 266. 

Vertebrates, 106, 923. 

Vessels, wood, 3a. 

Vestigial organs, 933; in man, 963. 
Vibration, 324, 470, 608 f.; of a 
stretch^ string, 613-14, 616; 
transverse, 610-11. 

Vinegar, 297. 

Virtual image, 350. 

Vision, defective, correction of, 583- 
4; peisistence of, 583; stereo- 
scopic, 333 f. 

Vitamins, 600, 728-31. 

Vitreous humour, 332. 

Vocal cords, 609. 

Volt, 663. 

Volta, 646. 

Voltaic cell, 645. 


Voltmeter, 663-4. 

Vulcanite, 212. 

Wallace, Alfred Russel, 954. 

‘Warm-blooded’ animals, 493. 

Washing soda, 225-78. 

Waste products, transport of, 761. 

Water, 4-16, 143-57; a bad conduc- 
tor, 457; a poor thcrmometric 
liquid, 432 ; action of metals on, 
143; as a solvent, 4f., 282-4; 
behaviour of cooling, 434; boiling- 
point of, 436; composition of, 
*43-571 convection currents in, 
462-3; domestic, 279-81; drink- 
ing, 243; electrolysis of, 133-3; 
entiy of, into a plant, 23-4, 28; 
equivalent, 447; freezing of, 433; 
hard, see Hardness of water; hot, 
supply of, 463 ; in the atmosphere, 
499-507; in the soil, 829, 837 f.; 
industrial, 281-2; life in, 81 1-23; 
maximum density of, 434; need 
of, by a plant, 34-5 ; of crystalliza- 
tion, 224; path of, in a plant, 31, 
33; plant relations to, 17-35, 292- 
3, 793, B*3-*4; plants living in, 
813-14; pressure of, 399 f. j pro- 
perties of, 283, -81 1 ; rate of intake 
by a plant, 23-4; softening of, 
277; supply of, 13-15, 243, 279, 
262, 403, 791; synthesis of, 153; 
tap-, 281; tests for, 152, 285; 
translocation of, in a plant, 31, 33. 

Water culture, 711-13. 

Water cycle, 792. 

Water gas, 157, 183, 195. 

Waters, natural, 12-13. 

Water, sea-, life in, 822-3. 

Water vapour, 499-300. 

Watt, 674. 

Watt, James, 370. 

Wave-length, 470. 

Wave motion, 469-71 ; theory, 570; 
and dispersion, 397. 

Waves, electro-magnetic, 598-g. 

Weapons, primitive, 258^. 

Weatlier, 43, 468, 509-24; chart, 43. 

Wedge, 348. 

Wei^t, 307 f.; and mass, 309. 

Wheat, 723. 

Whisky, 296. 
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Whispering gallery, 628. 

White lead, 221, 270; phosphorus, 

222 . 

Wind, backmg of, 516; direction of, 
515; esdmation of, 519; veering 
of, 516; velocity of, 516 f. 
Windlass, 342. 

Wine, 296. 

Wireless telegraphy, 598. 

Wood vessels, 32 f. 

Work, 341 f-i principle of, 343-4. 


Xanthroproteic reaction, 298. 
Xerophytes, 793-4. 

X-rays, 598. 

Yeast, 77, 295-6, 771, Bgo. 

Yellow spot, 582. 

Zinc, 148, 268-9; extraction of, 
681-2; chloride, 148; sulphate, 
148. 

Zymase, 295. 




